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Executive Summary

This document presents data, results, and conclusions for the Preliminary Assessment/ Site
Inspection (PA/SI) conducted at Site Unexploded Ordnance (UXO)-17 - Firing Position 2
(Archives Search Report [ASR] Site #2.212) located at Marine Corps Base Camp Lejeune
(MCB CamlLej, or the Base) in Jacksonville, North Carolina. The PA/SI was conducted to
evaluate the potential presence of munitions and explosives of concern (MEC) and to
characterize potential impacts to soil, sediment, surface water, and groundwater related to
historical activities within Site UXO-17.

Site UXO-17 is a former firing position located east of Piney Green Road and north of the
current Base landfill. The PA/SI investigation area encompasses a 16-acre area defined as
former Firing Position 2 by the ASR (Appendix A).

The PA/SI was performed in three phases. Phase I included investigation of a 4-acre area in
the center of the site with environmental sampling of surface and subsurface soil and
groundwater, a geophysical survey of 100% of accessible portions of the investigation area,
and intrusive investigation of anomalies selected as representing potential subsurface MEC.
Phase II investigation activities were performed to assess the surrounding 12 acres of the
site with environmental sampling of surface and subsurface soil, groundwater, sediment
and surface water, a geophysical survey of approximately 9% of the 12-acre area, and
intrusive investigation of the anomalies selected as representing potential subsurface MEC.
Phase III investigation activities included environmental sampling of groundwater in the
vicinity of a buried leaking drum discovered and removed during the Phase I investigation.
Field activities were conducted in September and October 2008, and November 2010
through August 2011.

In the Phase I investigation, environmental samples were analyzed for explosives residues
(including pentaerythritol tetranitrate [PETN] and nitroglycerine for surface and subsurface
soils only) and the Resource Conservation and Recovery Act metals: arsenic, barium,
cadmium, chromium, lead, mercury, and selenium. In the Phase II investigation, samples
were analyzed for explosives residues (including PETN and nitroglycerine ) and a more-
expansive list of Resource Conservation and Recovery Act metals: aluminum, antimony,
arsenic, barium, beryllium, cadmium, calcium, chromium, cobalt, copper, iron, lead,
magnesium, manganese, mercury, nickel, potassium, selenium, silver, sodium, thallium,
vanadium, and zinc. In addition, three Phase II investigation groundwater samples MR17-
MW10, MW-11, and MW-12, collected at locations closest to onsite surface water, were
analyzed for dissolved metals and hexavalent chromium. In the Phase III investigation,
groundwater samples were analyzed for volatile and semivolatile organic compounds to
assess potential impact to groundwater from a buried leaking drum (discovered and
removed during the Phase I investigation).

A human health risk screening, including a risk ratio evaluation, was performed based on
surface soil, subsurface soil, sediment, surface water, and groundwater analytical results
from the Phase I, Phase II, and Phase III investigations. Results of the HHRS indicate that
there are no unacceptable risks identified for human receptors exposed to site media. An

ES090711173332VBO ii



PRELIMINARY ASSESSMENT/SITE INSPECTION REPORT MMRP SITE UXO-17, FORMER FIRING POSITION 2 (ASR#2.212)

ecological risk screening was performed based on surface soil, subsurface soil, sediment,
surface water, and groundwater analytical results. Results of the ecological risk screening
indicate that there are no unacceptable risks identified for ecological receptors exposed to
site media.

A total of 1,310 geophysical anomalies and 21 saturated response areas (SRAs) were
identified in the 4-acre portion of the site, where 100% digital geophysical mapping was
completed. A SRA is defined as an area where a subsurface geophysical anomaly or
multiple subsurface anomalies are present for which the signal is so strong that individual
anomalies cannot be distinguished. A total of 662 anomalies were identified in the 12-acre
portion of the site, where 9% of the area was surveyed along transects. An approximately
1-acre area in the southeast corner of the site was inaccessible because it was inside the fence
line of the active landfill, and approximately 1.9 additional acres could not be surveyed as a
result of debris pits and wetland areas that prevented access. Intrusive investigation was
performed for all of the anomalies and saturated response areas identified in the 4-acre
portion of the site, and 70 selected anomalies within the 12-acre portion of the site.

One MEC item, a ¥4 Ib Charge Supplementary, TNT, for an artillery projectile was identified
at a depth of 3 feet below ground surface and disposed via detonation on March 30, 2011.
The item was classified as discarded military munitions.

Three post-detonation surface soil samples were collected in the resulting crater and
submitted for laboratory analysis. Four explosives residues (1,3,5-trinitrobenzene, 2-amino-
2,6-dinitroluene, 4-amino-2,6-dinitrotoluen, and 1,3,5-trinitro-1,3,5-triazacyclohexane [RDX])
were detected in at least one sample, but none of the detected concentrations of explosives
residues exceeded regulatory screening criteria. Arsenic was detected in excess of both twice
the Base background levels and regulatory screening criteria (maximum concentration

1.19 milligrams per kilogram). The detected concentration was comparable to concentrations
detected in other surface soil samples.

In addition to the MEC item disposed onsite, 279 munitions-related items were identified
that were certified as Material Documented As Safe and shipped under chain of custody
control, and disposed via smelting offsite. These items included: 5.56mm and 7.62mm blank
and expended ammunition, practice mine parts, artillery primers, practice 40mm grenade
bases, pieces of fuzes, expended ground signal flares and pieces, and ground signal flare
launchers.

No additional environmental or MEC investigation is recommended at Site UXO-17, Former
Firing Position 2, based on the following:

¢ No unacceptable human health or ecological risks were identified from exposure to site
media.

¢ Intrusive anomaly investigations were completed over 100% of the 4-acre firing position
and the risk of contact with MEC was significantly reduced.

¢ Intrusive anomaly investigations were completed over 9% of the surrounding 12-acre
area and no MEC items were encountered. It is anticipated that the site will be used as
an above grade expansion area for the Base landfill, potentially covering any remaining
subsurface debris.
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EXECUTIVE SUMMARY

Prior to MILCON proceeding at the site, it is recommended that all site personnel
conducting subsurface/intrusive activities receive "3R" munitions awareness training for
recognizing, retreating, and reporting potential MEC hazards. It is also recommended that
on-call construction support be provided from MCB CamLej Explosive Ordnance Disposal
personnel or a qualified UXO contractor for inspection and disposal of suspected
MEC/MPPEH that may be unearthed.
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SECTION 1

Introduction

This report documents the findings of a Preliminary Assessment/Site Inspection (PA/SI)
conducted at U.S. Marine Corps Military Munitions Response Program (MMRP) site
Unexploded Ordnance (UXO)-17 — Former Firing Position 2 (Archives Search Report [ASK]
#2.212) located at Marine Corps Base Camp Lejeune (MCB CamLej) in Jacksonville, North
Carolina (Figure 1-1).

The PA/SI was conducted under the Naval Facilities Engineering Command (NAVFAC)
Multi-Media Program, Contract N62470-07-D-0501, Task Order 009 and the Comprehensive
Long-term Environmental Action —Navy (CLEAN) Contract N62470-08-D-1000, Contract
Task Orders 141 and WE41.

Site investigation activities were conducted in accordance with the following documents:

Site -specific Work Plan Addendum for Focused Preliminary Assessment/Site
Inspection, Landfill Firing Position 2 , Marine Corps Base Camp Lejeune, Jacksonville,
North Carolina (Focused PA/SI Work Plan) (CH2M HILL, 2008a)

Addendum to the Site Specific Work Plan Addendum for Focused Preliminary
Assessment/Site Inspection Activities at Former Firing Position 2 (Site UXO-17),Marine
Corps Base Camp Lejeune, Jacksonville, North Carolina ( Focused PA/SI Work Plan
Addendum) (CH2M HILL, 2010a)

Sampling and Analysis Plan (Field Sampling Plan and Quality Assurance Project Plan)
Preliminary Assessment/Site Inspection; Unexploded Ordnance (UXO) Site UXO-17
(ASR #2.212), Former Firing Position 2, Marine Corps Base Camp Lejeune, Jacksonville,
North Carolina (Uniform Federal Policy - Sampling and Analysis Plan [UFP-SAP])
(CH2M HILL, 2010b)

Site-specific Work Plan Addendum for Intrusive Investigation for Military Munitions
Response Program Sites:UXO-01 - Former Live Hand Grenade Course (ASR #2.23),
UXO-01 - Former Gas Chamber (ASR #2.79a, b, c¢), UXO-02 - Former Unnamed
Explosive Contaminated Range (ASR #2.201), UXO-07 - Former Practice Hand Grenade
Course (ASR #2.77a and #2.77b), UXO-11 - Former B-5 Practice Hand Grenade Course
(ASR #2.81), UXO-14 - Former Indoor Pistol Range (ASR #2.199) and Former Gas
Chamber (ASR #2.200), UXO-17 - Former Firing Position 2 (ASR #2.12), and UXO-21 -
Former D-Area Gas Chamber (2D MAR DIV) (ASR #2.204), Marine Corps Base Camp
Lejeune, Jacksonville, North Carolina (Expanded SI Work Plan) (CH2M HILL, 2011)

Explosives Safety Submission for Munitions Response Activities, Former Firing Position
2, Marine Corps Base Camp Lejeune, Jacksonville, North Carolina (Explosives Safety
Submission [ESS]-115) (CH2M HILL, 2008b)

Amendment 1, Explosives Safety Submission for Munitions Response Activities, Former
Firing Position 2, Marine Corps Base Camp Lejeune, Jacksonville, North Carolina (ESS-
116) (CH2M HILL, 2009)

ES090711173332VBO 1-1
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e Amendment 2, Explosives Safety Submission for Munitions Response Activities, Former
Firing Position 2, Marine Corps Base Camp Lejeune, Jacksonville, North Carolina (ESS-
117) (CH2M HILL, 2010c)

e Munitions Response Program (MRP) Master Project Plans (Munitions Response Program
[MRP] Master Project Plans [MPP]) (CH2M HILL, 2008c)

1.1 Objectives and Approach

The objective of this PA/SI was to assess potential contamination of environmental media
and to evaluate the nature and extent of potential subsurface munitions and explosives of
concern (MEC) at Site UXO-17 that may have resulted from former munitions use. The
technical approach employed to meet the stated objectives included:

Identifying historical activities that may have resulted in environmental contamination.

Evaluating the potential presence and nature of munitions constituents (MC) contamination
by conducting an investigation of surface and subsurface soil, sediment, surface water, and
groundwater.

Evaluating the potential presence and nature of volatile organic compound (VOC) and semi-
volatile organic compound (SVOC) contamination by conducting an investigation of
groundwater in the vicinity of a buried leaking drum (discovered and removed during the
Phase I investigation).

Preparing ecological and human health risk screenings using analytical data collected at the
site.

Completing a geophysical survey to evaluate the number and density of geophysical
anomalies representing potential subsurface MEC.

Conducting a MEC intrusive investigation of all selected geophysical anomalies to evaluate
the nature and density of MEC that may be present.

1.2 Report Organization

This PA /SI report is organized as follows:

e Section 1, Introduction

Section 2, Site Background

Section 3, Field Investigation Activities
Section 4, Investigation Results

Section 5, Human Health Risk Screening
Section 6, Ecological Risk Screening

Section 7, Conclusions and Recommendations
Section 8, References

Appendices A through ] provide supporting information summarized in this report.
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SECTION 2

Site Background

This section presents a summary of regional and site-specific information, including
location, site setting, physical characteristics, and history.

2.1 MCB CamLej Location and Description

MCB CamlLej covers approximately 236 square miles in Onslow County, North Carolina,
and is bisected by the New River, which flows in a southeasterly direction toward the
Atlantic Ocean. Construction of MCB CamlLej began in 1941 with the objective of
developing the world’s most complete amphibious training base. The mission of MCB
CamlLej is to maintain combat-ready units for expeditionary deployment. MCB CamLej
provides housing, training facilities, logistical support, and administrative supplies for Fleet
Marine Force units and other assigned units. The Base and surrounding community is home
to an active-duty, dependent, retiree, and civilian population of approximately 180,000
people. Land use surrounding MCB CamLej is varied. Mainly commercial properties are
located along the northern boundary, with a mix of agricultural lands and residential areas
located along the eastern and western boundaries of the Base. The southern boundary of
MCB CamlLej extends to the New River and Atlantic Ocean.

2.2 Site Setting

Site UXO-17 includes approximately 16 acres of land located east of Piney Green Road and
north of the current Base landfill (Figure 2-1). This site is accessible from Old Bear Creek
Road, which crosses the southern portion of the investigation area.

The 4-acre Phase I investigation area is located in the interior of Site UXO-17, as shown on
Figure 2-1, and is the estimated location of the former firing position. The Phase I
investigation area was selected for the initial field activities based on observed site
conditions, including soil mounds, “fox holes”, and paths, and interviews with Base
personnel.

The 12-acre Phase II investigation consists of the remaining area within the UXO-17
boundary. A fence associated with the Base landfill crosses the Phase II investigation area
along the southeast boundary, and approximately 1 acre of the site is located within the
active landfill (Figure 2-1). Old Bear Creek Road provides access to the Base landfill.

The site lies approximately 23 feet above mean sea level. The site topography gently slopes
to the southeast, with little relief except for manmade soil mounds and “foxholes” located
throughout the site. Surface water runoff at Site UXO-17 flows into localized drainage
ditches that in turn drain to Wallace Creek. Surface water also ponds in the south-central
portion of the site. The site is mostly wooded. During the PA/SI, vegetation impeding
DGM survey was removed over a 4-acre area of the site and along meter-wide transects.

ES090711173332VBO 241



PRELIMINARY ASSESSMENT/SITE INSPECTION REPORT MMRP SITE UXO-17, FORMER FIRING POSITION 2 (ASR#2.212)

2.3 Site History

In July 2008, CH2M HILL conducted a detailed review of existing information related to
historical activities at Site UXO-17 that could have resulted in releases of hazardous
substances within the area of investigation. This review also included interviews with
current and former site personnel. The information obtained from this effort is documented
in the ASR (Appendix A) and summarized below.

Site UXO-17 was reportedly used as a gun position from the 1950s through at least 1985
(CH2M HILL, 2008c). The current MCB CamLej Range Safety Officer stated that 105
millimeter (mm) and 155 mm howitzers were used at this site to fire practice rounds into the
K-2 and G-10 Impact Areas (CH2M HILL, 2008c). Base personnel indicated that projectiles
fired from Site UXO-17 would have been directed to the south toward the G-10 Impact Area,
with material storage at the site being located north of the firing locations, which was
consistent with the orientation of paths and “foxholes” observed at the site. The G-10 Impact
Area is approximately 4 miles southeast of Site UXO-17.

In addition, the MCB CamLej Range Control Officer stated that other types of artillery
(4.2--inch mortars, 175 mm guns, 8-inch howitzers, and 120 mm mortars) also may have
been used, with unused projectile propellant being burned on the ground.

As a result of the usage and type of training conducted at the site, discarded military
munitions (DMM) was potentially anticipated to be present as well as ammunition
packaging and range residue. No chemical warfare materiel was reported to have been used
at this site.

2.4 Previous Investigations

No known previous investigations for MC or potential subsurface MEC have been
completed prior to the PA/SI.

2.5 Overview of PA/SI Field Activities

The PA/SI at Site UXO-17 was completed in three phases. Phase I consisted of investigation
of a 4-acre area in the center of the site, with environmental sampling of surface soil,
subsurface soil and groundwater and a geophysical survey of 100% of accessible portions of
the Phase I investigation area. An intrusive investigation of selected anomalies identified
within the Phase I investigation area was also performed.

Phase II investigation activities were performed to assess the surrounding 12 acres with
environmental sampling of surface soil, groundwater, sediment, and surface water and a
geophysical survey of approximately 9% of the 12-acre area. An intrusive investigation of
selected anomalies identified within the Phase II investigation area was also performed.

Phase III investigation activities included environmental sampling of groundwater in the
vicinity of a buried leaking drum discovered and removed during Phase I.

Table 2-1 summarizes the activities conducted during the investigation. The investigation
area is shown on Figure 2-1.
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TABLE 2-1

Timeline of Site UXO-17 PA/SI Field Activities
Site UXO-17 Former Firing Position #2

MCB CamLej, North Carolina

Investigation Phase Investigation Name Tasks Investigation Dates

Phase | (4-acre area) Focused Sl Digital geophysical mapping September — October 2008
(DGM), well installation,
environmental sampling

Intrusive Investigation Investigation of selected November 2010-April 2011,
anomalies and saturated May 2011, June 2011
response areas

Phase Il (12-acre area) Expanded Sl DGM, well installation, November— December 2010
environmental sampling;

Intrusive Investigation Investigation of remaining April 2011, August 2011
selected anomalies

Phase Il Groundwater Sampling  Additional monitoring well July 2011
installation and groundwater
sampling

2.6 Regional Climate

Regional climate at MCB CamLej is discussed in the MRP MPP (CH2M HILL, 2008c).

2.7 Regional Geology and Hydrogeology

Regional geology at MCB CamlLej is discussed in the MRP MPP (CH2M HILL, 2008c).

2.8 Site Geology and Hydrogeology

Subsurface investigation activities conducted during the PA /SI provided site-specific
information relating to site geology and hydrogeology.

The shallow soils predominantly consist of brown, tan, gray, and white fine-grained sands
and silty sands, extending to depths of 11 feet below ground surface (ft bgs). Discontinuous
layers of gray, sandy clay are present at depths of 3 to 3.75 ft bgs in the west portion of the
site, and white clay and clayey silt at 2.5 to 5 feet bgs deepening to 10 feet bgs was observed
in the east portion of the site. Deeper soils were generally silty clay and clayey silt and
poorly graded sands, extending to the maximum depth of the investigation, 16 feet bgs. The
water table was encountered at depths ranging from 3 to 11 feet bgs.

Site-specific hydrogeologic information was derived from the installation of 14 shallow
monitoring wells screened above the Castle Hayne confining unit in the surficial aquifer.
Table 2-2 summarizes groundwater elevations and well construction details. Figure 2-2
depicts the potentiometric surface of the water table on July 26, 2011 and indicates that
groundwater flow was to the north-northwest, with a hydraulic gradient of approximately
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0.018 foot/foot, based on the July 2011 depth to groundwater measurements. Soil boring
logs and well construction diagrams can be found in Appendix B.

Surface water from Site UXO-17 flows to Wallace Creek and then into the New River. The
New River flows into the Atlantic Ocean via New River inlet (MCB CamLej, 2002).

2.9 Conceptual Site Model

Figure 2-3 depicts the conceptual site model (CSM) of the site, including physical
conditions, potential sources of contaminants, and potential current and future receptors.
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TABLE 2-2

Groundwater Elevation and Well Construction Information
Site UXO-17 Former Firing Position #2

MCB CamLej, North Carolina

Depth to Groundwater
Date Screened Bottom Top of Water July 26, Elevation July
Installed Interval of Well Casing Elevation Ground Elevation 2011 26, 2011
Well ID (mm/dd/yy) (ft bgs) (ft bTOC) (ft msl) (ft msl) (ft bTOC) (ft msl)
FP2-TWO01 10/07/08 4-14 14.00 21.71 21.35 NA NA
FP2-TW02 10/07/08 4-14 14.00 22.66 22.30 NA NA
FP2-TW03 10/07/08 5-15 15.00 23.37 23.05 NA NA
FP2-TW04 10/08/08 6-16 16.00 24.47 24.38 NA NA
MR17-TW09 12/01/10 3-13 13.00 37.62 33.98 12.84 24.78
MR17-TW10 12/01/10 3-13 13.00 38.54 34.89 13.45 25.09
MR17-TW11 12/01/10 4-14 14.00 34.44 31.73 11.16 23.28
MR17-TW12 12/02/10 5-15 15.00 37.07 34.04 13.87 23.20
MR17-TW13 12/02/10 7-17 17.00 29.57 26.56 14.74 14.83
MR17-TW14 12/03/10 7-17 17.00 24 .87 21.94 15.62 9.25
MR17-TW15 12/02/10 3-13 13.00 21.49 17.74 10.04 11.45
MR17-TW16 07/18/11 7-17 17.00 27.03 24.35 12.52 14.51
MR17-TW17 07/18/11 6-16 16.00 2474 21.98 12.11 12.63
MR17-TW18 07/18/11 6-16 16.00 25.83 23.04 11.04 14.790

Notes:

ft bgs = feet below ground surface
ft bTOC = feet below top-of-casing
ft msl = feet above mean sea level
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SECTION 3

Field Investigation Activities

The investigation of Site UXO-17 was performed in three phases in 2008, 2010, and 2011, as
described below.

The technical approach described in the Focused PA /SI Work Plan, Focused PA /SI Work Plan
Addendum, UFP-SAP, and Expanded SI Work Plan was developed by the MCB CamLej Tier I
Partnering Team, which consisted of representatives from the Navy, MCB CamLej, EPA Region
4, and NCDENR.

3.1 Phase | Investigation Activities

The Phase I investigation area addressed a 4-acre area in the central portion of Site UXO-17, as
shown on Figure 2-1. The Phase I investigation area activities were conducted in September and
October 2008 and included site preparation activities; geophysical survey of 100 percent of the
accessible portions of the 4-acre area; and environmental sampling of surface soil, subsurface
soil, and groundwater. In December 2010 and April through June 2011, intrusive investigation
was completed for selected geophysical anomalies and saturated response areas (SRAs), areas
where a subsurface geophysical anomaly or multiple subsurface anomalies were present for
which the signals were so strong that individual anomalies could not be distinguished.

3.1.1 Land Surveying

Land surveying within the Phase I investigation area of Site UXO-17 was performed by Lanier
Surveying, a North Carolina-licensed surveyor from Cedar Point, North Carolina. The locations
of the 4-acre site boundary, DGM grids, and sampling decision units (DUs) were surveyed in
September 2008. The 50-meter x 50-meter DGM grids coincided with the existing Base-wide
grid system established for munitions response (MR) activities, and was completed as shown on
Figure 3-1. After the DGM grid layout was complete, the DU layout survey was conducted to
identify the boundary of each DU shown on Figure 3-2. Geophysical quality control (QC) seed
locations were also surveyed.

Following completion of the environmental sampling activities in October 2008, the coordinates
and elevations of the temporary monitoring wells were surveyed. Top-of-casing and ground
surface elevations were measured to the nearest 0.01 foot, while horizontal locations were
surveyed to an accuracy of 0.25 feet. . Lanier Surveying provided all survey results for
incorporation into the CH2M HILL geographic information system. Land surveying data are
presented in Appendix C.

3.1.2 Vegetation Clearance

East Coast Land Improvement of Swansboro, North Carolina, was subcontracted to clear
vegetation to facilitate access to the site for the DGM and environmental sampling activities in
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the Phase I investigation area. Vegetation smaller than 3 inches in diameter was cut to within 6
inches of the ground surface over the entire 4-acre area.

3.1.3 Digital Geophysical Mapping

DGM was performed during September 23 - 28, 2008 to evaluate the frequency and distribution
of geophysical anomalies at Site UXO-17 that represent potential subsurface MEC. DGM was
performed by NAEVA Geophysics, Inc. of Charlottesville, Virginia, with QC performed by both
NAEVA and CH2M HILL’s MR QC Geophysicist. DGM was conducted over the entire 4-acre
portion of the site, except for areas that could not be accessed because of irregular terrain or
construction debris, such as concrete slabs and concertina wire. (Construction debris was
removed during intrusive investigation, and the remaining anomalies were investigated using
analog magnetometers). The DGM data were collected using a two-coil Geonics EM61-MK2
(EM61) operated in wheel mode configuration, with data positioning provided by a real time
kinematic (RTK) global positioning system (GPS). The Phase I geophysical survey area is shown
on Figure 3-1.

Phase I DGM was performed in accordance with the Focused PA /SI Work Plan (CH2M HILL,
2008a). Before the mapping began, a geophysical prove out (GPO) was completed to test and
evaluate the selected geophysical equipment and to ensure the equipment met existing project
measurement quality objectives. This GPO was conducted at the existing GPO plot set up and
seeded by CH2MHILL at the former Knox Trailer Park (Site UXO-04). A threshold of 3
millivolts (mV) was chosen for the selection of geophysical anomalies because this value
represented the threshold where a metallic item could be positively distinguished from signal
noise. The geophysical investigation report, including GPO results, is presented in Appendix D.

An extensive QC program was applied to the DGM operations at the site. Figure 3-3 shows an
overall chart of the QC steps. A summary of the QC tests performed is presented in Table 3-1.
Both NAEVA and CH2M HILL performed QC of geophysical data and data deliverables at each
step of the process.

Four QC seeds were placed within the Phase I investigation area before the 2008 geophysical
survey. The seed items were MK2 hand grenade simulates, such as those planted in the GPO
plot. All QC seeds were identified during the Phase I DGM as anomalies representing potential
MEC.
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SECTION 3—FIELD INVESTIGATION ACTIVITIES

TABLE 3-1

DGM Instruments Standardization Tests and Acceptance Criteria

Site UXO-17 Former Firing Position #2
MCB CamLej, North Carolina

- Beginning First Time o
Test Test Description Acceptance Criteria Power Beginning of and End of Instr. 2% of Total
On Day Area Surveyed
Day Used
1 Equipment Warm-up Equipment specific X
(typically 5 minutes)
Based on instrument used. Personnel,
2 Personnel Test plothlng, etc. should have no effect on X
instrument response.
<2mV
3 Vibration Test (Cable  Data profile does not exhibit data X
Shake) spikes. <2 mV
4 Static Background & +/- 20% of standard item response, X
Static Spike after background correction
5 Repeat Data Repeatability of response amplitude X

ES090711173332VBO
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3.1.4 Intrusive Investigation Activities

The intrusive investigation activities within the Phase I investigation area were performed by
Ordnance and Explosives Remediation, Inc. (OER), of Cohasset, Massachusetts, from December
2010 and April 2011 through June 2011. Intrusive operations were conducted in accordance with
the Explosives Safety Submission (ESS), ESS-115 (CH2M HILL, 2008b) and Amendment 1 to the
ESS, ESS-116 (CH2M HILL, 2009), which permitted the use of armored mechanized equipment
for excavation.

The geophysical anomalies and areas identified for investigation were reacquired with a RTK
GPS and an EM61-MK?2. Each identified anomaly was excavated using hand tools. Each
excavated item was classified as MEC, material potentially presenting an explosive hazard
(MPPEH), or other metallic debris. MPPEH and other debris were segregated and placed at the
MPPEH collection point and scrap metal collection point, respectively. Excavation areas were
then rechecked with the EM61-MK2 to ensure that additional metallic debris was not present
beneath the removed item. Construction debris and concertina wire was removed and the areas
previously inaccessible to DGM equipment were investigated using analog magnetometers.
Analog magnetometers consisted of White’s all-metals detectors.

Anomaly investigation activities and material inspections were conducted in accordance with
Ordnance Pamphlet 5, Volume 1 (NAVSEA, 2010). MPPEH underwent two independent
100%visual inspections by two UXO Technician IlIs, who were not under the same command
structure and who were authorized to sign the DD Form 1348-1A. After the two independent
inspections indicated that there was no explosive hazard associated with the MPPEH, the
material was classified as material documented as safe (MDAS). The DD Form 1348-1A was
used to document the certification/ verification (Appendix E).

3.1.5 Environmental Investigation Activities

All Phase I investigation samples, except for the post-detonation soil samples, were analyzed
by CompuChem Labs, Inc. of Cary, North Carolina, with the resulting analytical data validated
by DataQual Environmental Services, LLC of St. Louis, Missouri. Post-detonation soil samples
were analyzed by Empirical Laboratories of Nashville, Tennessee.

Surface and Subsurface Soil Sampling

Surface and subsurface soil sampling in the Phase I investigation area was performed in
October 2008. Surface and subsurface soil sampling locations in the Phase I investigation area
are shown on Figure 3-2. Three incremental sampling (IS) surface soil samples were collected
from each of three DUs for a total of nine surface soil samples (designated as ASR2.212-FP2-
DUO01-55[01,02,03] through ASR2.212-FP2-DU03-55[01,02,03]). The surface soil samples were
collected from 0 to 2 inches bgs using the IS procedure, as described in the standard operating
procedure (SOP) Systematic Random Incremental Sampling in Appendix C of the MRP MPP
(CH2M HILL, 2008c).

Four soil borings were advanced to depths of up to 16 feet, using a direct push technology
(DPT) drill rig operated by Parratt-Wolff, Inc. of Hillsborough, North Carolina. Each borehole
was hand-augered to a depth of 5 feet bgs, with the UXO Technician checking the borehole with
a downhole magnetometer at 1-foot increments. The DPT sampling method included the use of
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an open core barrel sampling device along with disposable acetate liners. Down-hole sampling
equipment was decontaminated between borings and new liners were used to retrieve each
successive soil core. The continuous soil cores retrieved from these borings were examined,
logged according to the unified soil classification system by the CH2M HILL geologist, and
field-screened for the presence of volatile organic compounds (VOCs) using a photoionization
detector. Soil boring logs are provided in Appendix B.

Four subsurface soil samples, ASR2.212-FR2-IS01 through ASR2.212-FR2-1S04, and one
duplicate were collected from the 2-foot interval immediately above the water table at depths
ranging from 3 to 9 feet bgs. Surface and subsurface soils were homogenized in accordance with
the Homogenization of Soil and Sediment SOP in Appendix C of the MRP MPP (CH2M HILL,
2008c).

Surface and subsurface soil samples were analyzed for the following constituents:
e Explosives residues, including PETN and nitroglycerine (SW-846 EPA Method 8330)
e Perchlorate (EPA Method 6850)

e RCRA metals (SW-846 EPA Method 6010B/7000): arsenic, barium, cadmium, chromium,
lead, mercury, silver, and selenium.

Temporary Well Installation and Groundwater Sampling

Four temporary groundwater monitoring wells (ASR2.212-FP2-TWO01 through ASR2.212-FP2-
TWO04) were installed within the Phase I investigation area at the locations shown on Figure 3-2.
The wells were installed to depths ranging from 14 to 16 feet bgs using DPT. Well installation
details are provided in Table 2-2. The four temporary monitoring wells were installed by
Parratt-Wolff, Inc., a North Carolina-licensed driller.

Each temporary well was constructed with 1-inch inside diameter Schedule 40 polyvinyl screen
(PVC) screen and riser. The well screens consisted of a 10-foot length of 0.010-inch machine
slotted Schedule 40 PVC and were placed to bracket the water table. Each well was also
equipped with a pre-packed sand filter (120 mesh) attached to the screened interval, to reduce
turbidity. Additional silica filter sand was placed in the remaining annular space between the
pre-packed sand filter and the borehole wall, extending roughly 1 foot above the top of the
screen. A layer of bentonite granules was placed above the top of the sand pack, extending to
the ground surface. A locking watertight cap was placed on the PVC riser of each well. Well
completion diagrams are provided in Appendix B.

The monitoring wells were developed using a submersible pump and a surge block after
placement of the filter pack and bentonite. Development continued until the water was visually
clear and water quality parameters had stabilized. Following well development, the wells were
allowed to equilibrate for at least 24 hours before sampling.

Groundwater samples were collected on October 9, 2008, using a peristaltic pump with
disposable polyethylene tubing and low-flow purging and sampling techniques. Water quality
parameters (specific conductance, pH, turbidity, temperature, dissolved oxygen [DO], and
oxidation-reduction potential [ORP]) were monitored during the purging phase using a
Horiba U-22 water quality meter. Field parameter measurements are summarized in Table 3-2.
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Groundwater sampling data sheets are provided in Appendix F. Groundwater samples were
collected only after all field parameters had become stable over three successive readings and at
least one well volume had been purged, or at least three well volumes had been purged from
the well. Parameters were considered stabilized over three successive readings when successive
measurements agreed as follows:

e pH within 0.1 pH units

¢ Temperature measurements were constant

e Conductivity within 3%

e ORP within 10 mV

e DO within 10%

e Turbidity within 10% or as low as practicable given sampling conditions

Before sample collection began, the water quality meter flow-through cell was disconnected
from the peristaltic pump so that the pump discharge flowed directly into the laboratory-
supplied sample bottles.

TABLE 3-2

Phase | Investigation Groundwater Field Parameters
UXO-17 Firing Position 2

MCB Camp Lejeune, North Carolina

Station ID ASR2.212-FP- ASR2.212-FP- ASR2.212-FP- ASR2.212-FP-
TWO01 TW02 TWO03 TW04
Sample Date 10/9/2008 10/9/2008 10/9/2008 10/9/2008

Field Parameters

Dissolved Oxygen (mg/L) 0.0 0.0 0.0 1.19
Oxidation Reduction Potential (mV) -76 -274 -155 29

pH 4.64 5.36 6.33 4.67
Specific Conductance (mS/cm) 0.040 0.242 0.567 0.076
Temperature (°C) 247 22.5 21.19 20.63
Turbidity (NTU) 214 4.34 5.41 0.64

mg/L = milligrams per liter
mS/cm = milliSiemens per centimeter

°C = degrees Celsius
NTU = nephelometric turbidity units

Water level elevation, measuring point elevation, depth to water, sampling depth, and total well
depth measurements were recorded in the field log book and/or on groundwater sampling
data sheets.

Groundwater samples were analyzed for the following constituents:

e Explosives residues (SW-846 EPA Method 8330/8332)
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e Perchlorate (EPA Method 6850)

e RCRA Total metals (SW-846 EPA Method 6010B/7000): arsenic, barium, cadmium,
chromium, lead, mercury, silver, and selenium.

Following sampling and surveying, all temporary wells were removed and DPT boreholes were
abandoned in accordance with North Carolina well construction standards, 15A North Carolina
Administrative Code (NCAC) 2C (NCDENR, 2010a) by grouting the borehole from the bottom
of the boring to ground surface.

Post-Detonation Sampling

Surface soil samples were collected from the location where blow-in-place operations were
conducted for the MEC item found during the intrusive investigation in the Phase I
investigation area. One composite surface soil sample (designated MR17-5520) and its duplicate
(designated MR17-S520D) were collected using the TR-02-1 sampling approach in the resulting
crater, and the IS method was used to collect a sample from outside of the crater (designated
MR17-5521).

The post-detonation samples were submitted to Empirical Laboratories and analyzed for the
following constituents:

e Explosives residues, including PETN and nitroglycerin (SW-846 EPA Method 8330)
e Perchlorate (SW-846 EPA Method 6850)

¢ RCRA metals (SW-846 EPA Method 6010B series and 7471A) : aluminum, antimony, arsenic,
barium, beryllium, cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium,
manganese, mercury, nickel, potassium, selenium, silver, sodium, thallium, vanadium, and
zinc

Waste Sampling

During the intrusive investigation, six 55-gallon metal drums were discovered in the Phase I
investigation area as shown on Figure 3-4. Two of the drums (Drum #1 and #2) contained
unidentified materials; all others were crushed or empty. Drum #1 was discovered in January
2011 and contained soil. It was overpacked by Clean Harbors of Reidsville, North Carolina, and
one sample (designated MR17-IDW-011811) was collected from it on January 18, 2011. The
sample was shipped to Empirical Laboratories and analyzed for the following analytes for
waste characterization:

Toxicity Characteristic Leaching Procedure (TCLP) VOCs
TCLP SVOCS

TCLP pesticides

TCLP metals

e RCRA characteristics: ignitability, reactivity, and corrosivity

Drum #2 was found in March 2011 and contained a mix of liquid and solids. The drum was
found among construction debris, and it was not determined until movement that the item was
a drum. Upon disturbance of the drum by an excavator, liquid leaked onto the ground surface.
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Photoionization detector readings of the drum contents were greater than 300 parts per million.
The contents emitted a turpentine-like odor and a sheen was observed on the surface of the
liquid. The liquid-filled drum was overpacked and sampled by Clean Harbors on April 25,
2011. One characterization sample (designated F81835R) was collected from the contents. It was
shipped to Accutest Laboratories and analyzed for the following analytes for waste
characterization:

e TCLP VOCs

e TCLPSVOCS

e TCLP pesticides

e TCLP metals

e Ignitability, reactivity, and corrosivity

Because most of the liquid had evaporated in the 29 days that elapsed before collection, the
sample was analyzed as a soil sample.

Two additional soil samples (designated MR17-5522-11B and MR17-S522D-11B) from Drum #2
were submitted to Empirical Laboratories and analyzed for the following analytes:

e VOCs (SW-846 EPA Method 8260B)

e SVOCs (SW-846 EPA Method 8270D)

e Herbicides (SW-846 EPA Method 8151A)

e Pesticides Target Compound List (SW-846 EPA Method 8181B)
e RCRA metals (SW-846 EPA Method 6010B/7471B)

Soil was also excavated where the liquid contents had leaked onto the ground (a 6- by 5-foot
area, excavated to 2 feet bgs), along the spill path (a 2.5- by 25-foot area, excavated to 1 foot
bgs) , and where the drum was placed (a 5- by 5-foot area, excavated to 2 feet bgs). Four soil
samples (designated MR17-IDW01-060211 through MR17-IDW04-060211) were collected from
the excavated soil. The samples were placed in iced coolers and prepared for shipment under
chain-of-custody control. The samples were submitted to Empirical Laboratories and analyzed
for the following analytes :

e TCLP VOCs

e TCLPSVOCS

e TCLP pesticides

e TCLP metals

e Ignitability, reactivity, and corrosivity

Quality Assurance/Quality Control Sampling

Quality assurance/quality control (QA/QC) sampling was performed in accordance with
CLEAN and CH2M HILL protocols, including the collection of field blanks, equipment blanks,
duplicates, and matrix spike/matrix spike duplicates (MS/MSDs).

3.1.6 Investigative-derived Waste Management

Investigation-derived waste (IDW) was disposed in accordance with the Base Waste
Management Plan (CH2M HILL, 2008d). IDW generated during the Phase I investigation area
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activities included soil, groundwater, and decontamination fluids. Soil cores, purge water, and
decontamination fluids were placed in labeled 55-gallon drums and staged at the 90-day storage
facility on Parachute Tower Road. Disposable equipment, including personal protective
equipment (PPE), DPT soil sleeves, sample tubing, plastic sheeting, paper towels, and
aluminum foil, was disposed as solid waste in an on-Base trash receptacle. Drum #1 and
excavated soil was staged at the 90-day storage facility on Parachute Tower Road and disposed
as non-hazardous waste. Overpacked Drum #2 was staged at the 90-day storage facility on
Parachute Tower Road and disposed as hazardous waste.

3.2 Phase Il Investigation Activities

The area of investigation addressed during Phase II consisted of the remaining 12 acres of Site
UXO-17, as shown on Figure 2-1. The Phase II investigation activities were conducted in
November and December 2010 and consisted of site preparation; a geophysical survey in
transects covering approximately 9% of the area; environmental sampling of surface soil,
subsurface soil, and groundwater; followed by intrusive investigation of selected geophysical
anomalies in April and August 2011.

3.2.1 Land Surveying

Land surveying within the Phase II investigation area was performed by land Design Surveying
Incorporated of Charlotte, North Carolina. The initial survey in the Phase II investigation area
consisted of DGM transect marking and DU layout. The surveyor also recorded the locations of
two geophysical QC seeds buried along DGM transects.

Following completion of the Phase II environmental sampling activities, the coordinates and
elevations of the permanent monitoring wells locations were surveyed, using the same
procedures used in the Phase I investigation area.

3.2.2 Vegetation Clearance

Wetlands and Woodlands Management of Wilmington, North Carolina, was subcontracted to
clear vegetation along the DGM transects and groundwater monitoring well installation
locations in the Phase II investigation area. Vegetation smaller than 6 inches in diameter was cut
to within 6 inches of the ground surface using a mechanized mulching-cutting machine. Cut
vegetation was mulched and left in place.

3.2.3 Digital Geophysical Mapping

DGM was performed within the Phase II investigation area in November 2010 by NAEVA
Geophysics. QC was performed by both NAEVA and CH2M HILL’s MR Geophysicist. DGM
was conducted along transects (with centerlines spaced approximately every 32 feet part)
covering a planned 10%of the 12-acre area. An area of approximately 1.9 acres was not
accessible because of the presence of construction debris piles, debris pits, and ponded surface
water. Another area of approximately 1 acre was not accessible because it was part of the active
landfill. The Phase II geophysical survey transects are shown on Figure 3-1.
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DGM activities were performed in accordance with the UFP-SAP (CH2M HILL, 2010b) using a
single-coil EM61-MK2 operated in wheel mode configuration, with data positioning provided
by an RTK GPS. Geophysical system verification (GSV) was performed as part of the process for
validating the DGM systems to be used during the DGM activities for the Phase II investigation.
The GSV established that a threshold response of 3.0 mV for geophysical anomaly selection was
appropriate for the DGM survey. The geophysical investigation report for the DGM survey is
provided in Appendix D.

As in the Phase I investigation, an extensive QC program was applied to the Phase II DGM
activities, as presented on Figure 3-2 and in Table 3-1. Both NAEVA and CH2M HILL
performed QC of geophysical data and data deliverables at each step of the process.

The DGM threshold response for the 12-acre portion of Site UXO-17 was adjusted from 2.5 mV,
as defined by the UFP-SAP DGM project quality objective, to 3.0 mV based on the GSV. All
other measurement quality objectives outlined in the UFP-SAP were met during the Phase II
DGM activities.

Two QC seed items were placed within the Phase II investigation area before DGM began. The
seed items consisted of 1-inch by 4-inch steel pipes that were industry standard objects with
known responses to detection by the EM61-MK2 (see EM61-MK2 Response of Three Munitions
Surrogates, [U.S. Navy, 2009]). Both QC seed items were identified during the geophysical
survey as anomalies representing potential MEC at the site.

3.2.4 Intrusive Investigation Activities

A total of 662 geophysical anomalies were identified as representing potential subsurface MEC
within the Phase II investigation area. The intrusive investigation activities within the Phase II
investigation area were performed by OER in April and August 2011. Intrusive operations were
conducted in accordance with Amendment 2 to the ESS, ESS-117 (CH2M HILL, 2010c).

The geophysical anomalies identified for investigation were reacquired with an RTK GPS and
EM61-MK?2 and excavated, with each excavated item classified using the same techniques as in
the Phase I intrusive investigation. Excavation areas were rechecked with the EM61-MK2 to
ensure that additional metallic debris was not present beneath each removed item. DD Form
1348-1As used to document the inspections of MDAS are provided in Appendix E.

3.2.5 Environmental Sampling Activities

Environmental samples within the Phase II investigation area were collected in accordance with
the UFP-SAP (CH2M HILL, 2010b) at the locations shown on Figure 3-5. All samples collected
from within the Phase II investigation area were analyzed by Empirical Laboratories. Total
chromium and hexavalent chromium analytical data were validated by Environmental Data
Services, Inc., of Williamstown, Virginia. The remaining analytical data were validated by
Environmental Data Quality Inc. of Exton, Pennsylvania.

Surface and Subsurface Soil Sampling

Surface and subsurface soil sampling in the Phase Il investigation area was conducted in
November and December 2010. Three incremental surface soil samples were collected from
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each of three DUs for a total of nine samples (designated as MR17-DU01-55[01,02,03] through
MR17-DU03-SS [01,02,03]). The surface soil samples were collected from 0 to 2 inches bgs using

the IS procedure, as described in the Systematic Random Incremental Sampling SOP in Appendix
C of the MRP MPP (CH2M HILL, 2008c).

In addition, 19 surface soil samples were collected using the TR-02-1 sampling method (U.S.
Army Corps of Engineers, 2002). These soil samples were collected by compositing a minimum
of 30 sample increments from depths of 0 to 2 inches) from random locations within each 1- by
1-meter sampling location. The coordinates of the sampling locations were recorded using GPS
and were based on the center of the sampling area.

Fifteen soil borings were advanced to depths of 13 to 17 feet bgs, using a DPT drill rig operated
by American Environmental Drilling of Greenville, South Carolina. Each borehole was hand-
augered to a depth of 5 feet bgs, with a UXO Technician checking the borehole with a downhole
magnetometer at 1-foot increments. Downhole sampling equipment was decontaminated
between borings, and new liners were used to retrieve each successive soil core. Subsurface soil
samples designated MR17-1S01 through MR17-IS15 were collected from approximately 2 feet
above the water table. The water table was encountered at approximately 3 to 9 feet bgs
throughout the Phase Il investigation area. The continuous soil cores retrieved from these
borings were examined and logged using the Unified Soil Classification System by the

CH2M HILL geologist and field screened for the presence of VOCs using a photoionization
detector. Soil boring logs are provided in Appendix B.

Surface and subsurface soils were homogenized in accordance with the Homogenization of Soil
and Sediment SOP in Appendix C of the MRP MPP (CH2M HILL, 2008c) before they were
transferred into sample containers, placed in iced coolers, and prepared for shipment under
chain-of-custody control.

Surface and subsurface soil samples were analyzed for the following constituents:
o Explosives residues, including PETN and nitroglycerin (SW-846 EPA Method 8330)
e Perchlorate (SW-846 EPA Method 6850)

e RCRA metals (SW-846 EPA Method 6010B series and 7470A) : aluminum, antimony, arsenic,
barium, beryllium, cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium,
manganese, mercury, nickel, potassium, selenium, silver, sodium, thallium, vanadium, and
zinc

Sediment and Surface Water Sampling

On December 3, 2010, co-located sediment and surface water samples (designated as MR17-
SD01 and MR17-SW01) were collected as part of the Phase II investigation, at the location
shown in Figure 3-5. The sediment and surface water samples were collected from ponded
surface water that covered an area of approximately 20 by 20 feet and was 1 foot deep. No
discernable flow direction was observed. A handheld GPS unit was used to record the location
of the samples. The surface water sample was collected before the sediment sample. The
sediment sample was collected by advancing a trowel approximately 6 to 12 inches into the
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sediment, draining of excess water, and placing the sample into the appropriate sample
containers.

The sediment and surface water samples were placed in iced coolers and prepared for shipment
under chain-of-custody control.

The sediment sample was analyzed for the following constituents:
e Explosives residues, including PETN and nitroglycerin (SW-846 EPA Method 8330/8332)
e Perchlorate (SW-846 EPA Method 6850)

e RCRA metals (SW-846 EPA Method 6010B series): aluminum, antimony, arsenic, barium,
beryllium, cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium,
manganese, mercury, nickel, potassium, selenium, silver, sodium, thallium, vanadium, and
zinc

The surface water sample was analyzed for the following constituents:
e Explosives residues, including PETN and nitroglycerin (SW-846 EPA Method 8330/8332)
e Perchlorate (SW-846 EPA Method 6850)

e RCRA metals (SW-846 EPA Method 6010B series) total and dissolved: aluminum,
antimony, arsenic, barium, beryllium, cadmium, calcium, chromium, cobalt, copper, iron,
lead, magnesium, manganese, mercury, nickel, potassium, selenium, silver, sodium,
thallium, vanadium, and zinc

Permanent Monitoring Well Installation and Groundwater Sampling

Seven permanent groundwater monitoring wells (designated MR17-TW09 through MR17-
TW15) were installed in the Phase II investigation area in December 2010, at the locations
shown on Figure 3-5. The wells were installed from 13 to 17 feet bgs using DPT. Well
installation details are presented in Table 2-2. The wells were installed by American
Environmental Drilling, a North Carolina-licensed driller.

Each monitoring well consisted of a 2-inch diameter 0.010-inch machine slotted Schedule 40
PVC screen with a bottom cap that was placed to bracket the water table (so that the static
groundwater table intersects 1 to 2 feet below the top of the screen of each monitoring well).
Each well was equipped with a pre-packed sand filter (120 mesh) attached to the screened
interval, to reduce turbidity. Additional silica filter sand was placed in the remaining annular
space between the pre-packed sand filter and the borehole wall, extending roughly 2 feet above
the top of the screen for most wells. For monitoring well MR17-TW15, additional silica filter
sand was not placed above the screen due to its shallow (13-foot) depth to ensure an adequate
bentonite seal was installed. A layer of bentonite granules was placed above the top of the sand
pack in each well extending to the ground surface and left to hydrate for 24 hours before
development. Each well was completed with an above-grade locking steel protective casing set
in a 2- by 2-foot concrete pad. Although they were installed as permanent wells, the Phase II
wells were labeled using the temporary well naming convention (the “TW” designation) as
originally specified in the Work Plan. Well construction details are provided in Appendix B.
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The permanent wells were developed using a submersible pump and a surge block after
placement of the filter pack and bentonite. Development continued until the water was visually
clear and water quality parameters had stabilized, following the same procedures used for
Phase I groundwater sampling . All groundwater samples were collected using a peristaltic
pump with disposable polyethylene tubing and low-flow purging and sampling. Water quality
parameters (specific conductance, pH, turbidity, temperature, DO, and ORP) were measured
during the purging phase using a YSI 556 multi-probe water quality meter and Hanna 98703
turbidimeter. Field parameters are summarized in Table 3-3. Groundwater sampling data
sheets are provided in Appendix F.

Groundwater samples were analyzed for the following constituents:

e Explosives residues , including PETN and nitroglycerine (SW-846 EPA Method 8330/8332)
e DPerchlorate (EPA Method 6850)

e Target Analyte List total metals (SW-846 EPA Method 6010B)

e Dissolved metals (SW-846 EPA Method 6010B) ) at MR17-MW10, MW11 and MW12 only

e Total chromium (SW-846 EPA Method 6010B) at MR17-MW10, MW11 and MW12 only

¢ Hexavalent chromium (SW-846 EPA Method 7196A) at only at MR17-MW10, MW11 and
MW12 only

Quality Assurance/Quality Control Sampling

QA/QC sampling was performed in accordance with CLEAN and CH2M HILL protocols for
soil, and groundwater samples, including the collection of field blanks, equipment blanks,
duplicates, and MS/MSDs. No duplicate or MS/MSDs were collected for the co-located surface
water and sediment samples.

3.2.6 Investigation-derived Waste Management

IDW was disposed in accordance with the Base Waste Management Plan (CH2M HILL, 2008d).
IDW generated during field events consisted of soil cuttings from DPT soil borings and
installation of groundwater monitoring wells, well development water, purge water,
decontamination fluids, disposable equipment, and PPE. The soil cuttings, purge water, and
decontamination fluids were placed in labeled 55-gallon drums and staged at the 90-day storage
facility on Parachute Tower Road. Disposable equipment, including PPE, poly sheeting, paper
towels, and aluminum foil, was placed in trash bags and disposed of in an on-Base trash
receptacle.
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TABLE 3-3

Phase Il Investigation Groundwater Field Parameters
UXO-17 Firing Position 2

MCB Camp Lejeune, North Carolina

Station ID MR17-TW09 MR17-TW10 MR17-TW11 MR17-TW12 MR17-TW13 MR17-TW14 MR17-TW15
Sample Date 12/05/10 12/06/10 12/06/10 12/06/10 12/06/10 12/06/10 12/05/10

Field Parameters

Dissolved Oxygen (mg/L) 14.16* 5.81 8.29 3.81 6.88 6.09 6.92
Oxidation Reduction Potential (mV) 254 1 218.7 2446 214.3 274.2 219.2 97.1
pH 4.74 4.78 4.59 5.77 4.25 4.63 5.31
Specific Conductance (mS/cm) 0.033 0.118 0.053 0.239 0.155 0.089 0.171
Temperature (°C) 15.27 12.13 14.71 18.49 15.67 16.83 15.77
Turbidity (NTU) 9.70 11 11 12 19 19 8.01

*Dissolved oxygen concentration greater than the approximate solubility of oxygen in water at sea level and the recorded temperature. Therefore, the
measurement is considered to be invalid.
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3.3 Phase Ill Investigation Activities

Phase III consisted of well installation and groundwater sampling of select permanent
groundwater monitoring wells within Site UXO-17, in the vicinity of the discovery location of
Drum #2. The Phase III investigation activities were conducted in July 2011. The Phase III
investigation area overlapped with the Phase I and Phase Il investigation areas.

3.3.1 Vegetation Clearance

Mid Atlantic Drilling, Incorporated of Carolina Beach, North Carolina, was subcontracted to
clear vegetation in the vicinity of the proposed well locations. Vegetation smaller than 6 inches
in diameter was cut to within 6 inches of the ground surface using a mechanized mulching-
cutting machine. Cut vegetation was mulched and left in place.

3.3.2 Environmental Sampling Activities

Permanent Monitoring Well Installation and Groundwater Sampling

Three permanent groundwater monitoring wells (MR17-TW16, MR17-TW17, and MR17-TW18)
were installed at the locations shown on Figure 3-5. The wells were installed to depths ranging
from 16 to 17 feet bgs using DPT. Well installation details are presented in Table 2-2. Well
construction activities were performed by Probe Technology Incorporated of Concord, North
Carolina, a North Carolina-licensed driller. Temporary monitoring wells were constructed from
2-inch inner diameter, Schedule 40 PVC risers with 0.010-inch screen size using hollow stem
auger. The 10-foot well screens were placed to bracket the water table. Silica filter sand
extended roughly 1 foot above the top of the screen. A layer of bentonite granules was placed
above the top of the sand pack, extending to the ground surface. A locking watertight cap was
placed on the PVC riser of each well. Soil boring logs and well construction details are provided
in Appendix B.

Groundwater samples from the monitoring wells were collected between July 27 and 29, 2011.
In addition to the newly installed wells, groundwater samples were also collected from existing
wells upgradient (wells MR17-TW09 and MR17-TW11) and downgradient (wells MR17-TW13,
MR17-TW14, and MR17-TW15) of the discovery location of Drum #2.

Groundwater samples were collected using a peristaltic pump with disposable polyethylene
tubing and low-flow purging and sampling techniques . Water quality parameters (specific
conductance, pH, turbidity, temperature, DO, and ORP) were monitored during the purging
phase using a YSI 556 multi-probe water quality meter and Hanna 98703 turbidimeter. Field
parameter measurements are summarized in Table 3-4. Groundwater sampling data sheets are
provided in Appendix F.

Groundwater samples were analyzed for the following constituents:

e VOCs (by EPA Method SW-846 8260)
e SVOCs (by EPA Method SW-846 8270
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Quality Assurance/Quality Control Sampling

QA/QC sampling was performed in accordance with CLEAN and CH2M HILL protocols,
including the collection of field blanks, equipment blanks, duplicates, and MS/MSDs.

3.3.3 Land Surveying

Land surveying for the Phase III investigation was performed by Land Design Surveying,
Incorporated of Charlotte, North Carolina. Following the groundwater sampling activities, a
control survey was conducted to ensure positional accuracy and the coordinates and elevations
of the three permanent monitoring wells were surveyed, using the same procedures and
accuracy as in the preceding surveys.

3.3.4 Investigation-derived Waste Management

IDW generated during the Phase III investigation consisted of soil cuttings from DPT soil
borings and installation of groundwater monitoring wells, well development water, purge
water, decontamination fluids, disposable equipment, and PPE. IDW was disposed in
accordance with the Base Waste Management Plan (CH2M HILL, 2008d). Soil cuttings and
purge water and decontamination fluids were placed in labeled 55-gallon drums and staged at
the 90-day storage facility on Parachute Tower Road. Disposable equipment, including PPE,
poly sheeting, paper towels, and aluminum foil, was placed in trash bags and disposed of in an
on-Base trash receptacle.
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TABLE 3-4

Phase IlI Investigation- Groundwater Field Parameters
UXO-17 Firing Position 2

MCB Camp Lejeune, North Carolina

MR17-TW09 MR17-TW11 MR17-TW13 MR17-TW14 MR17-TW15 MR17-TW16 MR17-TW17 MR17-TW18

Station ID

Sample Date 7/28/2011 7/28/2011 7/29/2011 7/29/2011 7/29/2011 7/29/2011 7/26/2011 7/26/2011
Field Parameters

Dissolved Oxygen (mg/L) 4.50 1.41 3.50 7.82 2.06 2.20 0.20 9.90
Oxidation Reduction Potential (mV) -178.4 183.2 210.8 221.0 58.4 33.2 26.1 147
pH 7.66 3.36 3.61 412 4.92 6.04 6.64 5.97
Specific Conductance (mS/cm) 0.134 0.113 0.044 0.127 0.183 0.439 0.578 0.543
Temperature (°C) 20.2 22.45 20.14 23.29 21.22 20.91 22.2 215
Turbidity (NTU) 211 48.9 15.9 25.2 75.3 223 14.7 9.03
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SECTION 4

Investigation Results

This section presents the findings of the three phases of field investigations.

4.1 DGM Results

41.1 Phase | Investigation Area

A total of 1,310 geophysical anomalies and 21 SRAs were identified over the 4-acre area,
which was subject to 100 percent DGM. Figure 4-1 illustrates the distribution of anomalies
identified as representing potential subsurface MEC within the area.

Reinforced concrete, metallic debris, and soil mounding were observed on the ground
surface throughout this area, which were potentially indicative of similar construction-
related debris in the subsurface. Detailed results of the Phase I geophysical survey are
presented in Appendix D.

4.1.2 Phase Il Investigation Area

The DGM survey in the Phase Il investigation area covered approximately 9 percent

(1.08 acres) of the 12-acre area. As shown on Figure 4-1, approximately 1 acre of the
investigation area in the southeast corner was inaccessible because it was part of the active
base landfill, and approximately 1.9 additional acres could not be surveyed as a result of
debris piles and pits and ponded surface water that prevented access. The DGM survey
yielded a total of 662 geophysical anomalies that were selected as representing potential
subsurface MEC, as shown on Figure 4-1. These anomalies were evenly distributed
throughout the Phase Il investigation area. Metal and concrete debris was observed within
the investigation area. Appendix D contains detailed results of the Phase II geophysical
survey.

4.2 MEC Intrusive Investigation Results

Intrusive investigation of all geophysical anomalies and SRAs representing potential
subsurface MEC was completed for the Phase I and Phase Il investigation areas. This
entailed intrusive investigation of 1,310 anomalies and 21 SRAs in the Phase I investigation
area and 662 anomalies in the Phase II investigation area. Data collected during the intrusive
investigation of anomalies is provided in Appendix G.

One MEC item, a %4 Ib Charge Supplementary, TNT, for Artillery Projectile, was discovered
at the location shown on Figure 4-2 at a depth of 3 feet bgs. The V4-1b supplemental charge,
determined to be a DMM item, was discovered on March 29, 2011 and blown in place on
March 30, 2011. Three post-detonation soil samples were also collected. Analytical results
from the three post-detonation samples are summarized in Section 4.3.1.
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The 279 MPPEH items identified were as follows:

e 5.56mm ammunition, unfired (176)
e 556mm ammunition, blank (39)

e 7.62mm ammunition (5)

e 223 caliber ammunition, blank (1)

e Landmine, practice, M12 (1)

e Landmine, practice, M12 (18 pieces)
e Landmine, practice, M20 (4)

Grenade, 40mm Parachute, M583, base (2)

e Artillery primer (20)
e Signal, [lluminating Flare, Star, Parachute, M127A1(8)
e Hand signal flare launcher, empty (3)

Grenade, Hand, Smoke, AN-MS8, expended (1)
e Fuze collar (1)

These items were stored in a secured and grounded drum onsite and later certified as
MDAS. Range-related debris items found onsite were: 5.56mm ammunition links, artillery
lifting lugs, safety forks, engineer stakes, banding material, communication wire, razor wire,
a tank tread, ammunition cans and lids, washers and bolts. MPPEH and range-related
debris were certified as MDAS on DD form 1348-1As.

MDAS originating from Phase I intrusive activities was shipped under chain-of-custody
control by Bonetti Explosives to its smelting facility in Columbus, Texas. Destruction of the
Phase I MDAS was witnessed by the CH2M HILL UXO Quality Control Specialist on July 6,
2011. MDAS originating from the Phase II investigation is awaiting shipment from CamLej
at a consolidation point at Site UXO-21.

Based on concrete, metal drums, and scrap metal encountered during intrusive
investigation, it is likely that portions of the site were used for disposal of construction
debris. During the Phase I intrusive investigation, approximately 263,500 pounds of other
debris items were recovered. These items included items not indicative of munitions use at
the site, such as reinforced concrete, drums, rebar, pipes, wire, scrap metal, bolts, nails, and
aluminum cans. These items were segregated for on-Base disposal.

The intrusive investigation results for all individual anomalies are summarized in Table 4-1.
Approximately 2.5 percent of the 1,992 anomalies investigated were identified as MPPEH.
Of the investigated anomalies, 50 were classified as “no contact” (that is, the sources of the
anomalies were not identified). 34 anomalies were located deeper than 2 feet, and 233
anomalies were shared anomalies that overlapped with previously investigated anomalies.
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TABLE 4-1

Intrusive Investigation Results by Anomaly
Site UXO-17 Former Firing Position #2
MCB CamLej, North Carolina

Category Numbe( of % of.
Anomalies Anomalies

MEC (DMM) 1 0.05
(SDmNalllll/lsArms Ammunition 6 0.30
MPPEH 45 2.26
Range Residue 179 8.99
Other Debris 1,437 72.14
No Contact 50 2.50
Deeper than 2 feet 34 1.71
Shared 233 11.70
Roadway 7 0.35
Total Anomalies 1,992

4.3 Environmental Sampling Results

The results for environmental sampling for Phase I and Phase II investigation areas are
summarized together for site-wide evaluation of the potential presence and nature of MC
contamination. The Phase III investigation results are summarized separately to evaluate
potential VOCs and SVOCs contamination from leakage of the contents of Drum #2
discovered and removed during the Phase I investigation.

4.3.1 Phase | and Phase Il Environmental Sampling Results

The following subsections present and summarize the laboratory data from analysis of soil,
sediment, surface water, and groundwater samples collected at Site UXO-17 during the
Phase I and II investigations. Laboratory analytical data are presented in Appendix H.
Analytical data validation reports are presented in Appendix I.

Soil

Following the third-party data validation of the laboratory analytical data, surface and
subsurface soil samples were screened against the NCDENR Federal Remediation Branch
Target Soil Screening Levels (NC SSLs) (NCDENR, 2010b), the Adjusted' EPA Regional
Screening Levels (RSLs) for Chemical Contaminant Tables (EPA, 2011), and MCB CamLej
background soil concentrations (two times the mean MCB CamLej background soil
concentrations), which were available for metals only (Baker Environmental, Inc., 2001).

1 Based on noncarcinogenic effects to conservatively account for exposure to multiple constituents.
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The May 2011 EPA RSLs replaced the 2008 RSLs that were the proposed screening criteria
from the Focused PA /SI Work Plan (CH2M HILL, 2008a) and the 2009 RSLs that were the
proposed screening criteria from the UFP-SAP (CH2M HILL, 2010b). The RSLs for non-
carcinogenic compounds were adjusted by dividing by 10 to conservatively account for
exposure to multiple analytes.

e Figure 4-3 illustrates the locations of the surface soil samples that exceeded two times
the mean MCB CamlLej background concentration and at least one of the screening
levels (NC SSLs or the Adjusted EPA RSLs). Figure 4-4 depicts the locations of
subsurface soil samples that exceeded two times the mean MCB CamLej background
concentration and at least one of the screening levels (NC SSLs or the Adjusted EPA
RSLs). The detected concentrations of specific target analytes are summarized in Table 1
and Table 3 in Appendix H.

Surface Soil Samples from DUs

¢ Explosives Residues - One explosives residue, 1,3,5-trinitro-1,3,5-triazacyclohexane
(RDX), was detected in DU surface soil sample MR17-DU03-5503, but did not exceed
any screening criteria.

e Perchlorate - Perchlorate was detected in DU surface soil samples MR17-DU01-SS01
and MR17-DU03-S501. However, the detected concentrations were below the screening
criteria.

e Metals - Metals detected above regulatory standards are summarized in Table 4-2.

— Nine metals (aluminum, barium, beryllium, calcium, lead, magnesium, nickel,
potassium, and zinc) were detected at concentrations greater than two times the
mean MCB CamlLej background concentration in at least one surface soil sample
from Site UXO-17, but did not exceed their respective Adjusted EPA Soil RSLs or NC
SSLs. No EPA Soil RSLs or NC SSL were available for calcium.

— Four additional metals (copper, mercury, sodium, and vanadium) were detected in
at least one surface soil sample from Site UXO-17, but they did not exceed two times
the mean MCB CamLej concentrations, Adjusted EPA Soil RSLs, or NC SSLs.

TR-02-1 Surface Soil Samples

e Explosives Residues - Nine explosives residues (1,3-dinitrobenzene, 2,4,6-
trinitrotoluene, 4-Amino-2,6-dinitrotoluene, 2-nitrotoluene, 3-nitrotoluene, 4-
nitrotoluene, nitroglycerin, PETN, and RDX) were detected in TR02-1 surface soil
samples, but did not exceed any screening criteria.

e Perchlorate - Perchlorate was not detected in any of the TR02-1 surface soil samples.

e Metals - Metals detected above regulatory standards are summarized in Table 4-3.
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TABLE 4-2

Metals Exceeding Regulatory Standards in DU Surface Soil Samples
Site UXO-17 Former Firing Position #2

MCB CamLej, North Carolina

Frequency of

Detection Maximum Minimum
(# detected/# Concentration  Concentration Screening Criteria Frequency of
Analyte sampled) (mg/kg) (mg/kg) (mg/kg) Exceedances
2X Mean BBG 0.626 6
. Industrial Adj RSL 1.6 2
Arsenic 9/20 1.85 0.523J ) ) )
Residential Adj RSL 0.39 9
NC SSL 0.29 9
. 2X Mean BBG 0.033 10
Cadmium 10/20 1.5J 0.0866 J
NC SSL 0.38 2
2X Mean BBG 6.05 3
. NC SSL 3.8 12
Chromium 20/20 6.58 25 ] .
Industrial Adj RSL 5.6 4
Residential Adj RSL 0.29 20
2X Mean BBG 0.294 6
Cobalt 6/10 24 0.33J . . .
Residential Adj RSL 23 2
Iron 10/10 2,800 1,340 NC SSL 150 10
2X Mean BBG 13.7 3
Manganese 10/10 186 4.68 NC SSL 65 3
Residential Adj RSL 180 1
Selenium 7120 0.331J 0.187J NC SSL 0.26 5

Adj — adjusted

BBG - Base background

J — Analyte present, value may or may not be accurate or precise
mg/kg — milligrams per kilogram

NC SSL — North Carolina Soil Screening Level

RSL — Regional Screening Level
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TABLE 4-3

Metals Exceeding Regulatory Standards in TR-02-1 Surface Soil Samples
Site UXO-17 Former Firing Position #2

MCB CamLej, North Carolina

Frequency of

Detection Maximum Minimum
(# detected/ # Concentration  Concentration Screening Criteria Frequency of
Analyte sampled) (mg/kg) (mg/kg) (mg/kg) Exceedances
2X Mean BBG 0.626 8
Industrial Adj RSL 1.6 1
Arsenic 18/24 1.93 0.188 J
Residential Adj RSL 0.39 14
NC SSL 0.29 14
2X Mean BBG 0.033 9
Cadmium 9/24 0.885 0.0663 J
NC SSL 0.38 1
2X Mean BBG 6.05 3
NC SSL 3.8 9
Chromium 24/24 8.73 0.411J
Industrial Adj RSL 5.6 3
Residential Adj RSL 0.29 24
2X Mean BBG 3,245 3
Iron 24/24 3,810 78.8
NC SSL 150 21
2X Mean BBG 0.563 1
Selenium 18/24 1.15 0.182J
NC SSL 0.26 13

Adj — adjusted

BBG — Base background

J — Analyte present, value may or may not be accurate or precise
mg/kg — milligrams per kilogram

NC SSL — North Carolina Soil Screening Level

RSL — Regional Screening Level

Subsurface Soil Samples

e Explosives Residues - Five explosives residues (2,6-dinitrotoluene, 2-amino-4,6-
dinitrotoluene, 4-amino-2,6-dinitrotoluene, 4-nitrotoluene, tetryl) were detected in

subsurface soil samples, but did not exceed any screening criteria.

e DPerchlorate - Perchlorate was not detected in any subsurface soil samples.

e Metals - Metals detected above regulatory standards are summarized in Table 4-4.

— Seven metals (beryllium, cadmium, calcium, magnesium, potassium, vanadium, and
zinc) were detected at concentrations greater than two times the mean MCB CamLej
background concentration in at least one subsurface soil sample from Site UXO-17,
but did not exceed their respective Adjusted EPA Soil RSLs or NC SSLs (if available).

46
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— Seven additional metals (barium, copper, cobalt, lead, mercury, manganese, and
nickel) were detected in at least one subsurface soil sample from Site UXO-17, but
they did not exceed two times the mean MCB CamLej concentrations, Adjusted EPA
Soil RSLs, or NC SSLs.

TABLE 4-4

Metals Exceeding Regulatory Standards in Subsurface Soil Samples
Site UXO-17 Former Firing Position #2

MCB CamLej, North Carolina

Frequency of

Detection Minimum
(# detected/ Maximum Concentration Frequency of
Analyte #sampled) Concentration (mg/kg) Screening Criteria (mg/kg) Exceedances
2X mean BBG 10,369 5
Aluminum 11/16 13,700 1,410
Residential Adj RSL 7,700 6
2X mean BBG 0.626 5
Industrial Adj RSL 1.6 1
Arsenic 14/22 2.98 0.198 J
Residential Adj RSL 0.39 13
NC SSL 0.29 13
2X mean BBG 6.05 4
NC SSL 3.8 13
Chromium 22/22 16.3 1.47 J+
Industrial Adj RSL 5.6 12
Residential Adj RSL 0.29 21
2X mean BBG 3,245 1
Iron 17117 6,590 209
NC SSL 150 16
2X mean BBG 0.563 1
Selenium 3/22 0.66 0.235J
NC SSL 0.26 2

Adj — adjusted

BBG — Base background

J — Analyte present, value may or may not be accurate or precise
mg/kg — milligrams per kilogram

NC SSL — North Carolina Soil Screening Level

RSL — Regional Screening Level

Sediment

Sediment samples were screened against the Adjusted EPA Soil RSLs (EPA, 2011). No North
Carolina sediment screening levels or MCB CamLej background values for sediment were
available for comparison. The detected concentrations of specific target analytes are
summarized in Table 4 in Appendix H. Figure 4-5 depicts the location of the sediment
sample that exceeded at least one of the Adjusted EPA Soil RSLs.

e Explosives Residues -No explosives residues were detected in the Site UXO-17
sediment sample.
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e DPerchlorate - Perchlorate was detected in the sediment sample at a concentration of
1.04 ] mg/kg, but did not exceed the Adjusted EPA Residential Soil RSL.

e Metals - Metals detected above regulatory standards are summarized in Table 4-5.

— Thirteen metals (barium, beryllium, cadmium, cobalt, copper, iron, lead, manganese,
mercury, nickel, selenium, vanadium, and zinc) were detected in sediment collected
from Site UXO-17, but did not exceed their respective Adjusted EPA Residential Soil
RSLs.

— Three additional metals (calcium, magnesium, and potassium) were detected in
sediment collected from Site UXO-17, but did not have Adjusted EPA Soil RSLs for
comparison.

TABLE 4-5

Metals Exceeding Regulatory Standards in Sediment Samples
Site UXO-17 Former Firing Position #2

MCB CamLej, North Carolina

Frequency of Detected
Detection (# Detected/ Concentration Frequency of
Analyte # Sampled) (mg/kg) Screening Criteria (mg/kg) Exceedances
Aluminum 17 10,800 Residential Adj RSL 7,700 1
Arsenic 1M 1.85 Residential Adj RSL 0.39 1
Chromium 1M 12.3 Residential Adj RSL 0.29 1

Adj — adjusted
RSL — Regional Screening Level

Surface Water

Surface water samples were screened against the North Carolina 15A NCAC 2B standards
NC2B-SW- Human Health and Water Supply, National Recommended Water Quality
Criteria (NRWQC)-Human Health- Water and Organisms, and NRWQC-Human Health-
Organisms, and Adjusted EPA Tap Water RSLs (EPA, 2011) were available for comparison.
The detected concentrations of specific target analytes are listed in Table 5 in Appendix H.
Figure 4-5 provides the location of the surface water sample and depicts exceedances of
selected screening criteria.

e Explosives Residues-One explosives residue, tetryl, was detected in the Site UXO-17
surface water sample at a concentration of 0.14 ] microgram per liter (ug/L). The
detected concentration did not exceed the EPA Adjusted Tap Water RSL. No NC2B-SW-
Human Health and Water Supply or NRWQC-Human Health - Organisms and Water
and Organisms screening criteria were available for comparison.

e Perchlorate - Perchlorate was detected at a concentration of 42.1 ng/L. Detected
concentrations exceeded the EPA Adjusted Tap Water RSL of 2.6 pg/L. No NC2B-SW-
Human Health and Water Supply or NRWQC-Human Health - Organisms and Water
and Organisms screening criteria were available for comparison.

4-8 ES090711173332VBO



SECTION 4—INVESTIGATION RESULTS

e Metals -

— Seven total metals (aluminum, barium, cadmium, copper, iron, manganese, and
zinc) and six dissolved metals (aluminum, barium, iron, lead, manganese, and zinc)
were detected in the Site UXO-17 surface water sample at concentrations below the
EPA Adjusted Tap Water RSLs, NC2B-SW-Human Health and Water Supply, and
NRWQC-Human Health - Organisms and Water and Organisms screening criteria.

— Four additional metals (calcium, magnesium, potassium, and sodium) were detected
in total and dissolved forms in the surface water sample collected from Site UXO-17,
but did not have EPA Adjusted Tap Water RSLs, NC2B-SW-Human Health and
Water Supply, and NRWQC-Human Health - Organisms and Water and Organisms
screening criteria for comparison.

Groundwater

Groundwater results were screened against the North Carolina Groundwater Quality
Standards (NCGWQS) (NCAC Title 15A, Subchapter 2L) (NCDENR, 2010a), EPA Tap Water
RSLs (EPA, 2011), and MCB CamLej background groundwater concentrations (two times
the mean MCB CamLej background groundwater concentration), which were available for
inorganic analytes only (Baker Environmental, Inc., 2001). The NCGWQS are the maximum
allowable concentrations resulting from any discharge of contaminants to the land or waters
of the state that may be tolerated without creating a threat to human health or otherwise
rendering the groundwater unsuitable for its intended purpose.

The detections and exceedances of NCGWQS, EPA RSLs, and/or two times the MCB
CamLej background levels are shown in Table 6 in Appendix H. Figure 4-6 depicts the
locations of groundwater samples that exceed two times the mean MCB CamLej
background concentration or at least one of the screening levels (NCGWQS or EPA Tap
Water RSLs).

e Explosives Residues - Four explosives residues, (2-nitrotoluene, 3-nitrotoluene, RDX,
and tetryl) were detected in groundwater samples, but did not exceed any screening
criteria.

e Perchlorate - Perchlorate was detected in five groundwater samples. It was detected at a
maximum concentration of 0.199 | ug/L, but did not exceed the EPA Adjusted Tap
Water RSL of 2.6 ng/L. No NC2B-SW-Human Health and Water Supply or NRWQC-
Human Health - Organisms and Water and Organisms screening criteria were available
for perchlorate.

e Metals - Metals detected above regulatory standards are summarized in Table 4-6.

— Four total metals (aluminum, lead, potassium, and selenium) and one dissolved
metal (potassium) were detected at concentrations above two times the mean MCB
CamLej background concentration in at least one groundwater sample from Site
UXO-17, but did not exceed Adjusted EPA Tap Water RSLs or NCGWQS.

— Nine additional total metals (barium, beryllium, calcium, copper, magnesium,
nickel, sodium, vanadium, and zinc) and twelve dissolved metals (aluminum,
barium, calcium, copper, iron, lead, magnesium, nickel, selenium, sodium,

ES090711173332VBO 4-9



PRELIMINARY ASSESSMENT/SITE INSPECTION REPORT MMRP SITE UXO-17, FORMER FIRING POSITION 2 (ASR#2.212)

vanadium, and zinc) were detected but did not exceed concentrations above two
times the mean MCB CamlLej background concentration, Adjusted EPA Tap Water
RSLs, or NCGWQS.

TABLE 4-6

Metals Exceeding Regulatory Standards in Groundwater Samples
Site UXO-17 Former Firing Position #2

MCB CamLej, North Carolina

Frequency of

Detection Maximum Minimum
(# detected/  Concentration Concentration Screening Criteria Frequency of
Analyte # sampled) (ng/L) (ng/L) (ng/L) Exceedances
2X BBG 3.13 2
ol 6/13 10.4 0.643 AdiTapRSL  0.043 6
romium
NC2LGW 10 1
2X BBG 3.4 1
ol 2/8 43 128 J
Adj Tap RSL 1.1 2
Total Iron 8/8 723 J- 47.3 J- NC2LGW 300 3
Total
Manganese 8/8 80.8 513 NC2LGW 50 3
Dissolved
Chromium 3/3 1.53J 0.616 J Adj Tap RSL 0.043 3
Dissolved
Manganese 3/3 78 18.7 NC2LGW 50 1

Adj — adjusted

BBG — Base background

J — Analyte present, value may or may not be accurate or precise
mg/kg — milligrams per kilogram

NC2LGW - NCAC Title 15A, Subchapter 2L Groundwater Standard
RSL — Regional Screening Level

Post-detonation Soil

Three post-detonation surface soil samples were collected for analysis of explosives residues
(including PETN and nitroglycerine) and perchlorate from the detonation location of the
recovered DMM item within the Phase I investigation area of Site UXO-17. Samples MR17-
SS20-11A and MR17-5S20D-11A were collected from the detonation crater and sample
MR17-5521-11A was collected 15 meters from the crater. Detected analytical constituents
were compared to two times the mean base background concentration, EPA RSLs for
Residential and Industrial Soils (EPA, 2011) and NC SSLs (NCDENR, 2010b). The detected
concentrations of specific target analytes for the post-detonation samples are summarized in
Table 1 in Appendix H. A summary of the analytical results is provided below.

e Explosives residues - Four explosives residues (1,3,5-trinitrobenzene, 2-amino-2-6-
dinitrotoluene, 4-amino-2,6-dinitrotoluene, and RDX), were detected in at least one post-
detonation soil sample. None of the detected concentrations exceeded EPA RSLs,
however. No NC SSLs are established for explosives residues.
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e Metals - Metals detected above regulatory standards are summarized in Table 4-7.

— Five metals (cadmium, calcium, magnesium, potassium, and zinc) were detected at
concentrations greater than two times the mean MCB CamLej background
concentration in at least one subsurface soil sample from Site UXO-17, but did not
exceed their respective Adjusted EPA Soil RSLs or NC SSLs (if available).

— Eight additional metals (aluminum, barium, beryllium, copper, lead, mercury,
nickel, and vanadium) were detected in at least one post-detonation soil sample from
Site UXO-17, but they did not exceed two times the mean MCB CamLej
concentrations, Adjusted EPA Soil RSLs, or NC SSLs.

TABLE 4-7

Metals Exceeding Regulatory Standards in Post-Detonation Samples
Site UXO-17 Former Firing Position #2

MCB CamLej, North Carolina

Frequency of Maximum Minimum

Detection : . Screening Criteria Frequency of
Analyte (# detected/ Corzfner}}(ra)tlon Corzfner}}(ra)tlon (mg/kg) Exceedances
# sampled) 9/kg 9/kg
2X BBG 0.626 3
. Residential Adj
Arsenic 3/3 1.19 1.06 RSL 0.39 3
NC SSL 0.29 3
NC SSL 3.8 3
Chromium 3/3 5.57 4.68 Residential Adj
RSL 0.29 3
Iron 33 3,210 2,580 NC SSL 150 3
Manganese 3/3 141 12.2 2X BBG 13.7 2
Selenium 2/3 0.284 J 0.215J NC SSL 0.26 1

Adj — adjusted

BBG — Base background

J — Analyte present, value may or may not be accurate or precise
mg/kg — milligrams per kilogram

NC SSL — North Carolina Soil Screening Level

RSL — Regional Screening Level

4.3.2 Phase lll Waste and Groundwater Sampling Results
Waste

The sample collected from Drum #1 was analyzed to characterize the contents of the drum.
Of the TCLP VOC, SVOCs, pesticides and herbicides, and metals analyses, only the TCLP
metal barium was detected at a concentration of 0.256 ] mg/kg. The drum was characterized

as non-hazardous waste and disposed in accordance with IDW procedures described in
Section 3.1.6.
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The sample collected from Drum #2 was analyzed as a soil sample because most of the free
liquid had evaporated before sampling. The sample was found to contain detectable
concentrations of metals (arsenic, barium, cadmium, chromium, and lead), VOCs (n-
butylbenzene, sec-butylbenzene, iso-propylbenzene, p-isopropyltoluene, naphthalene, n-
propylbenzene, 1,2,4-trichorobenzene, 1,3,5-trimethylbenzene, and o-xylene), and SVOCs
(2,4-dimethylphenol, 1-methylnapthalene, 2-methylnapthalene) by TCLP. The contents of
the drum were characterized as a hazardous waste due to ignitability. This report is
provided in Appendix H.

Two additional samples were collected from Drum #2 to characterize the contents of the
drum. It contained detectable concentrations of six SVOCs (anthracene,
benzo(b)fluoranthene, benzo(k)fluoranthene, fluoranthene, phenanthrene, and pyrene). The
detected concentrations of these analytes are summarized in Table 2 of Appendix H. None
of these analytes exceeded regulatory screening criteria.

The contents of the drum were likely composed of either a kerosene, a paint thinner, or a
combination of both based on the flashpoint and C-range hydrocarbons detected.

Soil samples collected from excavated soils where Drum #2 had leaked were also
characterized for IDW disposal. Barium was detected by TCLP at concentrations of 0.286 J-
0.317 ] mg/kg in all four samples. In addition, lead was detected by TCLP at a concentration
of 0.0154 mg/kg in sample MR17-IDW01-060211-SO. The drums containing the excavated
soil were characterized and disposed as non-hazardous waste.

Groundwater

Groundwater samples were collected during the Phase III investigation to confirm that the
groundwater was not impacted by the leaking drum, Drum #2. Groundwater samples were
analyzed for VOCs and SVOCs, the suspected contents of Drum #2. Groundwater results
for the Phase III sampling activity were screened against the NCGWQS and EPA Tap Water
RSLs. Two VOCs, carbon disulfide and toluene, were detected in one of eight samples, but
were not present in concentrations exceeding regulatory standards. SVOCs were not
detected. The Phase III groundwater sample analytical detections are summarized in

Table 7 in Appendix H.
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Station ID MR17-DUOL
Sample ID MR17-DU01-SS01-10D MR17-DU01-SS02-10D MR17-DU01-SS03-10D
Sample Date 11/30/10 11/30/10 11/30110 Station D MR17:SS17
Total Metals (mg/kg) |Sample ID MR17-SS17-10D
Arsomc Tea L85 760 U Sample Date 12/02/10
Cadmium 0.485 0.353 153 Total Metals (mgkg)
Cobalt 24 233 128 U Arsenic L35
103 72 166 Chromium 6.72
Iron 3,680
§t§tion ID MR17-SS15
Sample ID MR17-SS15-10D
O MR17-SS19 Sample Date 12/02/10
Total Metals (mg/kg)
Arsenic 0.806
O MR17-SS18
ASR2.212-FR2-DU02
O MR17-5516
ASR2.212-FR2-DUO1
_ O MR17-SS14
Station ID MR17-SS09
[Sample D VRI7-5506- 160 ASR2.212-FR2-DU03 © MR17-SS13
Sample Date 12/01/10
Total Metals (mg/kg)
Arsenic 0.791
MR17-SS11 © Station ID VRL7-SS12
© MR17-SS10 Sample ID MR17-SS12-10D
Sample Date 12/02/10
Total Metals (mg/kg)
Arsenic 1.05
Chromium 6.48
Station ID MR17-SS07
Sample ID MR17-SS07-10D o O MR17-SS08 Iron 3,810
Sample Date 12/01/10 O
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SECTION 5

Human Health Risk Screening

A conservative human health risk screening (HHRS) was performed to assess the potential
for human health risks associated with exposure to UXO-17 site media (soil, surficial aquifer
groundwater, surface water, and sediment). The results of the HHRS provide an indication
of potential risks from constituents of potential concern (COPCs), and are used to help
evaluate whether future unrestricted (i.e., residential) use of the site is acceptable or if the
site requires further evaluation (e.g., additional data collection, a baseline risk assessment).
The site conceptual exposure model and the human health screening evaluation
methodology, along with the results of the screening, are presented below.

The data included in the HHRS were all validated. The samples evaluated in the HHRS
include soil and groundwater data collected during the Phase I investigation in the 4-acre
portion of the site (October 2008); soil, groundwater, surface water, and sediment data
collected during the Phase II investigation in the 12-acre portion of the site (November and
December 2010); and groundwater data collected during the Phase Il investigation in the
vicinity of the former location of the buried leaking drum (July 2011), as identified in

Table 5-1. The validated data were evaluated to determine the reliability of the data for use
in the HHRS. A review of the data identified the following criteria for data usability:

e Estimated values flagged with a N, J, J+, or J- qualifier were treated as detected
concentrations

e Values flagged with a R qualifier (rejected) were not evaluated in the HHRS

e For duplicate samples, the maximum concentration between the two samples was used
as the sample concentration

5.1 Human Health Conceptual Site Model

The human health CSM presents an overview of site conditions, potential contaminant
migration pathways, and exposure pathways to potential receptors. The human health CSM
is presented on Figure 5-1. Sections 2.2 and 2.3 present the site history and setting.

Site UXO-17 was reportedly used for munitions-related activities from the 1950s through at
least 1985. The site is not currently used, and public access to the site is restricted. However,
there is evidence that construction debris has been dumped at the site in the past. The
surface water on the site is not used as a potable water supply. The area is wet year round
due to the high groundwater water table. No fish were observed in the surface water and
people are not known to fish at the site.

Current receptors may include site workers (sporadically accessing the site for activities
such as dumping) and adult and youth trespassers. These current receptors could come in
contact with surface soil and surface water and sediment. Exposure routes for surface soil
include incidental ingestion of and dermal contact with the surface soil, and inhalation of
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particulate emissions from surface soil. Exposure routes for surface water and sediment
include incidental ingestion and dermal contact. Volatile organic constituents (VOCs) are
not associated with historic site use (munitions-related activities), and therefore inhalation
of VOCs from soil, surface water, or sediment are not considered potential site-related
exposure pathways.

Currently, the future plans for site use include expansion of the base landfill and/or use of
site material as borrow material. Therefore, the most likely potential future receptors are site
workers and trespassers/visitors. Although unlikely based on planned future use of the site
and base, future receptors could also include residents and construction workers. Future
receptors could be exposed to subsurface soil (in addition to the surface soil) if future
residential houses or industrial buildings or piping are constructed at the site, or the site is
used for landfill or borrow material activities, and the soil is re-worked, bringing the
subsurface soil to the surface. Exposure routes include incidental ingestion of and dermal
contact with the soil, and inhalation of particulate emissions from soil. The future receptors
could also contact the surface water and sediment.

Potable water supplies for MCB CamLej and the surrounding residential area are provided
by water supply wells that pump groundwater from the Castle Hayne aquifer. Although
freshwater is present within the surficial, Castle Hayne, Beaufort, and Peedee aquifers, all of
which are located below MCB CamlLej, only the Castle Hayne aquifer is used by MCB
CamlLej as a water supply source (Cardinell, Berg, and Lloyd, 1993). There is one active
water supply well (PSW-HP709) within a 0.65-mile radius of Site UXO-17. The groundwater
use patterns are already established for the Base and area around Site UXO-17, thus use of
site groundwater for industrial or residential purposes is unlikely. However, state and
federal governing policies assume that underground fresh water resources are potable, and
should be maintained as such. Therefore, it is assumed that the groundwater beneath the
site could be used as a potable water supply. The residents would be exposed through
ingestion, dermal contact, and inhalation while bathing. Additionally, due to the
groundwater depth (less than 10 feet bgs), construction workers could be exposed to the
groundwater by dermal contact in an excavation during construction activities.

Volatile organic compounds (VOCs) are not associated with past site use; however, three
volatile compounds were detected in groundwater. Therefore, vapor intrusion into current
or future buildings was considered a potentially complete exposure pathway and was
evaluated in the HHRS.

5.2 Methodology

The HHRS was conducted in three steps using a risk ratio technique (Navy, 2000). If COPCs
were identified after Step 1, they were evaluated in Step 2. If COPCs were identified after
Step 2, they were evaluated in Step 3. The three-step screening process is described below.

5.21 Step1

The maximum detected concentrations for each medium were compared to EPA Regional
Screening Levels (RSLs; EPA, 2011), additional human health screening levels (if
appropriate, such as for surface wtaer), and two times the mean Base background
concentrations (for metals only). RSLs based on noncarcinogenic effects were divided by 10
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to account for exposure to multiple constituents (i.e., were adjusted to a hazard quotient
(HQ) of 0.1, from the HQ of 1 used on the RSL table). RSLs based on carcinogenic endpoints
were used as presented in the RSL table and are based on a carcinogenic risk of 1 x 10-.

The soil and sediment data were compared to residential soil RSLs. Although
trespassers/ visitors, construction workers, and industrial workers are potential receptors
for soil in addition to residential receptors, the soil data were only screened against
residential soil RSLs. Residential soil RSLs are more conservative (i.e. lower) than the
industrial soil RSLs, and are therefore protective of all potential receptors.

The groundwater data were compared to tap water RSLs. Groundwater data were also
compared to National Primary Drinking Water Regulations maximum contaminant levels
(MCLs) and the North Carolina Groundwater Quality Standards (NCGWQS; 15A NCAC
2L), however, these comparisons were not used to identify or eliminate the groundwater
COPCs to carry forward to Step 2.

The groundwater data were also compared to groundwater risk-based screening levels
(RBSLs) protective of the vapor intrusion exposure pathway calculated using the
methodology described in Appendix D of the OSWER Draft Guidance for Evaluating the Vapor
Intrusion to Indoor Air Pathway from Groundwater and Soils (Subsurface Vapor Intrusion
Guidance) (EPA, 2002).

The surface water data were compared to North Carolina water quality standards for
human health, if available. The North Carolina water quality standards for human health
are based on consumption of fish. If a North Carolina water quality standard for human
health value was not available, but a North Carolina water quality standard for water
supply (which is based on consumption of water and fish) was available, the water supply
value was used. The surface water data were also compared to National Recommended
Water Quality Criteria (NRWQC) for consumption of organisms, if available. If a NRWQC
for consumption of organisms was not available, but a value for consumption of water and
organisms was available, the consumption of water and organisms value was used. If
neither North Carolina water quality standards nor NRWQC values were available, the tap
water RSL was used to identify surface water COPCs.

If the maximum detected concentration in soil, groundwater, surface water, or sediment
exceeded the applicable screening value and background concentration, the screening level
risk evaluation proceeded to Step 2.

In addition to comparing the detected concentrations to the screening levels, the detection
limits for non-detected analytes were compared to the screening levels. Non-detected
analytes with detection limits exceeding the screening level were not identified as COPCs to
carry forward to Step 2, but were discussed below to evaluate the potential for
underestimating the total risks.
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5.2.2 Step 2

For analytes identified as COPCs in Step 1, a corresponding risk level was calculated using
the following equation:

concentration X acceptable risk level

corresponding risk level = ~Rg|,

The concentration is the maximum detected concentration (the same concentration that was
used in Step 1). The acceptable risk level is 1 for noncarcinogens and 10-¢ for carcinogens.
RSLs for noncarcinogenic effects were not adjusted by 10 as was done in Step 1, they are
used as presented in the RSL table.

All of the corresponding risk levels for each analyte within a media were summed to
calculate the cumulative corresponding hazard index (HI) (for noncarcinogens) and
cumulative corresponding carcinogenic risk (for carcinogens). A cumulative corresponding
HI was also calculated for each target organ/ effect. If the cumulative corresponding HI for a
target organ/effect is greater than 0.5, or the cumulative corresponding carcinogenic risk is
greater than 5x1075, the anayltes contributing to these values are retained as COPCs and
carried forward to Step 3.

5.2.3 Step3

A corresponding risk level was calculated as discussed above for Step 2; however, the

95 percent upper confidence limit (UCL) was used in place of the maximum detected
concentration, if more than five samples were available for that media, to obtain a more site-
specific risk ratio. If the cumulative corresponding HI by target organ/effect is greater than
0.5, or the cumulative corresponding carcinogenic risk is greater than 5x10-, then
constituents contributing to these values were considered COPCs.

ProUCL Version 4.1 (EPA, 2010b) was used to test the data distribution and calculate the
95 percent UCLs used for the Step 3 risk ratio calculations.

5.3 Human Health Risk Screening Results

The human health risk-based screening (comparison to risk-based criteria and background
levels, Step 1) and risk ratio evaluation (Steps 2 and 3, if applicable) were performed for
surface soil, subsurface soil, groundwater, surface water, and sediment.

5.3.1 Surface Soil

Tables 2.1 and 2.1a in Appendix J show the risk-based screening and risk ratio evaluation
for surface soil. As shown in Table 2.1, Appendix J, arsenic, chromium, cobalt, and
manganese were identified as COPCs for evaluation in Step 2. Based on Step 2 of the
screening process (risk ratio using maximum detected concentration, (Table 2.1a,
Appendix J), all of the Step 1 COPCs were eliminated as COPCs.
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Exposure to surface soil is not expected to result in any unacceptable human health risks
and no further evaluation for surface soil is necessary based on potential human exposure
and risk.

5.3.2 Subsurface Soil

Tables 2.2 through 2.2b in Appendix J show the risk-based screening and risk ratio
evaluation for subsurface soil. As shown in Table 2.1, Appendix J, aluminum, arsenic,
chromium, and iron were identified as COPCs for evaluation in Step 2. Based on Step 2 of
the screening process (risk ratio using maximum detected concentration, (Table 2.2a,
Appendix J), arsenic and chromium were identified as COPCs for evaluation in Step 3.
Based on Step 3 of the screening process (risk ratio using 95 percent UCL), arsenic and
chromium were eliminated as COPCs. Therefore, exposure to subsurface soil is not
expected to result in any unacceptable human health risks and no further evaluation for
subsurface soil is necessary based on potential human exposure and risk.

5.3.3 Groundwater

Tables 2.3 through 2.5 Supplement A in Appendix J show the results of the risk-based
screening and risk ratio evaluation for groundwater. As shown in Table 2.3, Appendix J,
chromium and cobalt were identified as COPCs for evaluation in Step 2. Based on Step 2 of
the screening process (risk ratio using maximum detected concentration, Table 2.3a,
Appendix J), cobalt was eliminated as a COPC, however, chromium could not be eliminated
as a COPC. Based on Step 3 of the screening process (risk ratio using 95 percent UCL),
chromium was identified as a COPC.

All of the groundwater samples were analyzed for total chromium, and three of the
groundwater samples were analyzed for hexavalent chromium. Hexavalent chromium was
not detected in any of these three samples, and the detection limit was below the tap water
RSL for hexavalent chromium. The hexavalent chromium tap water RSL was also used to
evaluate the total chromium data, as the hexavalent chromium tap water RSL is more
conservative than the trivalent chromium tap water RSL. Based on the use of the hexavalent
chromium RSL, total chromium was identified as a COPC using on the three step screening
process. However, when compared to the trivalent chromium tap water RSL, total
chromium would not be considered a COPC. Additionally, the concentrations of chromium
detected in the groundwater are below the MCL and NCGWQS for total chromium.
Therefore, since hexavalent chromium was not detected in the three groundwater samples
analyzed for hexavalent chromium, and the concentrations of total chromium detected at
the site did not exceed the MCL or NCGWQC for total chromium or the tap water RSL for
trivalent chromium, chromium is not considered a COPC for Site UXO-17.

No constituents were identified as COPCs for the vapor intrusion from groundwater to
indoor air pathway for the current (or future) industrial (Table 2.4, Appendix J) or
residential (Table 2.5, Appendix J) scenarios.

Exposure to groundwater is not expected to result in any unacceptable human health risks
and no further evaluation for groundwater is necessary based on potential human exposure
and risk.
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5.3.4 Surface Water

Tables 2.6 and 2.6a in Appendix J show the risk-based screening and risk ratio evaluation
for surface water. As shown in Table 2.6, Appendix J, perchlorate was identified as a COPC
for evaluation in Step 2. Based on Step 2 of the screening process (risk ratio using maximum
detected concentration, (Table 2.6a, Appendix J), perchlorate could not be eliminated as a
COPC. The screening value used to evaluate perchlorate in surface water is the tap water
RSL since there are no North Carolina water quality standards or NRWQC for perchlorate.
The tap water RSL is based on potable use of water because there is no other available or
more appropriate screening level for perchlorate in surface water, the tap water RSL was
used and is extremely conservative. Although perchlorate was identified as a COPC based
on the conservative screening process for surface water, it is unlikely there would be any
unacceptable risks associated with exposure to perchlorate in the site surface water.
Therefore, based on the one available surface water sample collected from the pond,
exposure to surface water is not expected to result in any unacceptable human health risks.

5.3.5 Sediment

Tables 2.7 and 2.7a in Appendix J show the risk-based screening and risk ratio evaluation
for sediment. As shown on Table 2.7, Appendix J, aluminum, arsenic, and chromium were
identified as COPCs for evaluation in Step 2. Based on Step 2 of the screening process (risk
ratio using maximum detected concentration, (Table 2.1a, Appendix J), all of the Step 1
COPCs were eliminated as COPCs. Therefore, based on the one sediment sample collected
from the site pond, exposure to sediment is not expected to result in any unacceptable
human health risks.

5.3.6 Non-detected analytes

Antimony and thallium were the only non-detected constituents in surface soil with
detection limits above their respective screening values. Only one of the 17 samples for
antimony and only one of the 28 samples for thallium had a detection limit above the
screening level.

The detection limits for 1,3-dinitrobenzene and 3-nitrotoluene in subsurface soil samples
collected in October 2008 slightly exceeded the screening level. However, as the detection
limits for the 2010 samples are all below the screening level, and those that exceed the
screening level (the 2008 samples) are within an order of magnitude, it is not expected that
1,3-dinitrobenzene or 3-nitrotoluene would be present in the subsurface soil and levels of
potential concern for human health. Additionally, although hexavalent chromium and
thallium were not detected in the subsurface soil, the detection limits slightly exceeded the
screening values for hexavalent chromium and thallium. However, the detection limits for
hexavalent chromium and thallium were within an order of magnitude of the screening
levels, and if present at concentrations below the detection limits.

For groundwater, there were a few non-detected explosives with detection limits above the
screening values. The majority of the detection limits that were above the screening levels
were associated with the samples collected in October 2008, while the detection limits for
the samples collected in 2010 were generally below the screening levels. The detection
limits that did exceed the screening levels were within an order of magnitude of the
screening levels. Additionally, there were some VOCs and SVOCs with detection limits
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above the screening levels. The detection limits were generally either within an order of
magnitude of the screening value or were close to or below the MCL. There were also two
non-detected metals with detection limits above the screening values. However, the
detection limits were either within an order of magnitude of the screening value or
background concentration, and were below the MCL.

One non-detected explosive and two non-detected metals in surface water had detection
limits slightly above their respective screening levels. However, the detection limits were
within an order of magnitude of the screening levels.

There was one non-detected metal in sediment had a detection limit above the screening
value. However, the detection limit was within an order of magnitude of the screening
level.

Based on the evaluation of detection limits for non-detected analytes in all media, there are
not expected to be any non-detected analytes present at the site that would result in
unacceptable risks, or changes to the results of the HHRS.

5.2 Human Health Risk Screening Summary

Based on the evaluation of available surface soil, subsurface soil, groundwater, surface
water, and sediment data, results of the HHRS indicate that exposure to these media at
Site UXO-17 would not result in any potentially unacceptable risks to human health.
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TABLE 5-1

Summary of Samples Evaluated in the Human Health Risk Screening

Site UXO-17 Former Firing Position #2
MCB CamLej, North Carolina

Date of
Medium Sampling Sample Parameters
Surface Soil
10/09/08 ASR2.212-FR2-DU01-SS01-08D Explosives, Metals
10/09/08 ASR2.212-FR2-DU01-SS02-08D Explosives, Metals
10/09/08 ASR2.212-FR2-DU01-SS03-08D Explosives, Metals
10/09/08 ASR2.212-FR2-DU02-SS01-08D Explosives, Metals
10/09/08 ASR2.212-FR2-DU02-SS01D-08D’ Explosives, Metals
10/09/08 ASR2.212-FR2-DU02-SS02-08D Explosives, Metals
10/09/08 ASR2.212-FR2-DU02-SS03-08D Explosives, Metals
10/09/08 ASR2.212-FR2-DU03-SS01-08D Explosives, Metals
10/09/08 ASR2.212-FR2-DU03-SS02-08D Explosives, Metals
10/09/08 ASR2.212-FR2-DU03-SS03-08D Explosives, Metals
11/30/10 MR17-DU01-SS01-10D Explosives, Metals
11/30/10 MR17-DU01-SS02-10D Explosives, Metals
11/30/10 MR17-DU01-SS03-10D Explosives, Metals
11/30/10 MR17-DU02D-SS03-10D' Explosives, Metals
11/30/10 MR17-DU02-SS01-10D Explosives, Metals
11/30/10 MR17-DU02-SS02-10D Explosives, Metals
11/30/10 MR17-DU02-SS03-10D Explosives, Metals
11/30/10 MR17-DU03-SS01-10D Explosives, Metals
11/30/10 MR17-DU03-SS02-10D Explosives, Metals
11/30/10 MR17-DU03-SS03-10D Explosives, Metals
12/01/10 MR17-SS01-10D Explosives, Metals
12/01/10 MR17-SS02-10D Explosives, Metals
12/01/10 MR17-SS03-10D Explosives, Metals
12/01/10 MR17-SS04-10D Explosives, Metals
12/01/10 MR17-SS05-10D Explosives, Metals
12/01/10 MR17-SS06-10D Explosives, Metals
12/01/10 MR17-SS07-10D Explosives, Metals
12/01/10 MR17-SS08-10D Explosives, Metals
12/01/10 MR17-SS08D-10D" Explosives, Metals
12/01/10 MR17-SS09-10D Explosives, Metals
12/02/10 MR17-SS10-10D Explosives, Metals
12/01/10 MR17-SS11-10D Explosives, Metals
12/01/10 MR17-SS11D-10D" Explosives, Metals
12/02/10 MR17-SS12-10D Explosives, Metals
12/02/10 MR17-SS13-10D Explosives, Metals
12/02/10 MR17-SS14-10D Explosives, Metals
12/02/10 MR17-SS15-10D Explosives, Metals
12/02/10 MR17-SS16-10D Explosives, Metals
12/02/10 MR17-SS17-10D Explosives, Metals
12/02/10 MR17-SS18-10D Explosives, Metals
12/02/10 MR17-SS19-10D Explosives, Metals
Subsurface Soil

10/07/08 ASR2.212-FR2-1S01-3-5-08D Explosives, Metals
10/07/08 ASR2.212-FR2-1S01D-3-5-08D' Explosives, Metals
10/07/08 ASR2.212-FR2-1S02-4-6-08D Explosives, Metals
10/07/08 ASR2.212-FR2-1S03-5-7-08D Explosives, Metals
10/07/08 ASR2.212-FR2-1S04-5-7-08D Explosives, Metals
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TABLE 5-1

Summary of Samples Evaluated in the Human Health Risk Screening
Site UXO-17 Former Firing Position #2

MCB CamLej, North Carolina

Date of
Medium Sampling Sample Parameters
Subsurface Soil 12/04/10 MR17-1S01-2-4-10D Explosives, Metals
(continued) 12/04/10 MR17-1S02-4-6-10D Explosives, Metals
12/04/10 MR17-1S03-3-5-10D Explosives, Metals
12/04/10 MR17-1S04-3-5-10D Explosives, Metals
12/04/10 MR17-1S05-1-3-10D Explosives, Metals
12/04/10 MR17-1S06-8-10-10D Explosives, Metals
12/04/10 MR17-1S07-5-7-10D Explosives, Metals
12/04/10 MR17-1S07D-5-7-10D" Explosives, Metals
12/04/10 MR17-1S08-6-8-10D Explosives, Metals
12/01/10 MR17-1S09-3-5-10D Explosives, Metals
12/01/10 MR17-1S10-3-5-10D Explosives, Metals
12/02/10 MR17-1S11-4-6-10D Explosives, Metals
12/02/10 MR17-1S12-5-7-10D Explosives, Metals
12/03/10 MR17-1S13-5-7-10D Explosives, Metals
12/03/10 MR17-1S14-6-8-10D Explosives, Metals
12/03/10 MR17-1S14D-6-8-10D" Explosives, Metals
12/02/10 MR17-1S15-1-3-10D Explosives, Metals
Groundwater
10/09/08 ASR2.212-FP2-TW01-08D Explosives, Metals
10/09/08 ASR2.212-FP2-TW01D-08D" Explosives, Metals
10/09/08 ASR2.212-FP2-TW02-08D Explosives, Metals
10/09/08 ASR2.212-FP2-TW03-08D Explosives, Metals
10/09/08 ASR2.212-FP2-TW04-08D Explosives, Metals
12/05/10 MR17-MW09-10D Explosives, Metals
12/06/10 MR17-MW10-10D Explosives, Metals
12/06/10 MR17-MW11-10D Explosives, Metals
12/06/10 MR17-MW12-10D Explosives, Metals
12/06/10 MR17-MW13-10D Explosives, Metals
12/06/10 MR17-MW14-10D Explosives, Metals
12/05/10 MR17-MW15-10D Explosives, Metals
12/05/10 MR17-MW15D-10D" Explosives, Metals
Surface Water
12/03/10 MR17-SW01-10D Explosives, Metals
Sediment
12/03/10 MR17-SD01-10D Explosives, Metals

! Duplicate of preceding sample
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FIGURE 5-1

Conceptual Site Model for HHRA

UXO-17

MCB Camp Lejeune, North Carolina

Current/Future Future
Secondary
Release Trespasser/Vis | Trespasser/Vis Residential Residential Construction
Mechanism Exposure Media Exposure Route itor Adult itor Youth Site Worker Adult Child Worker
Surface Soil Ingestion X X X X X X
——— {Dermal Contact X X X X X X
Inhalation X X X X X X
- Ingestion X' X' X' X X X
Subsurface Soil
ubsuriace Sotl___| Dermal Contact X' X' X' X X X
Inhalation X' X' X' X X X
[ Indoor Air  —inhalation || NA NA X X X NA
Ingestion NA NA NA X X NA
"Leaching Groundwater —{Dermal Contact NA NA NA X X X
Inhalation® NA NA NA X X X
Ingestion X X NA X X X
_|Surface Runoff/ [Surface Water | —Dermal Contact X X NA X X X
Overland Flow Inhalation NA NA NA NA NA NA
Ingestion X X NA X X X
Sediment | ———Dermal Contact X X NA X X X
Inhalation NA NA NA NA NA NA

'Current receptor populations may be exposed to surface soil. Future receptor populations may be
exposed to surface soil and subsurface soil.
2Vapor intrusion from groundwater into indoor air evaluated for industrial worker and resident
considered as a potentially complete future exposure scenario.
3Inhalation from groundwater during showering evaluated as a potentially complete future residential
exposure scenario.
NA - Not Applicable or pathway is incomplete
X - Potentially complete exposure pathways




SECTION 6

Ecological Risk Screening

The ERS evaluated samples collected during the Phase I and Phase II investigations (2008
and 2010). Additional groundwater collected during the Phase III investigation (July 2011)
were evaluated separately as an addendum to the ERS (see Section 6.5).

6.1 Site Ecological Setting and Available Data

The land cover at Site UXO-17 is a combination of early succession mixed pine-hardwood
forest and open field. A small pond approximately 20 feet wide and 1 foot deep is located in
the south-central area of the site. Groundwater occurs between 1 and 2 feet bgs and
generally flows northwest towards Wallace Creek and the New River. The ecological
checklist in Appendix K indentifies the terrestrial and aquatic habitats onsite.

Nine surface soil samples (and one duplicate) from 0 to 2 bgs, two subsurface samples (and
one duplicate) from 0 to 5 feet bgs, and four groundwater samples (and one duplicate) were
collected from the 4-acre portion of the site in 2008. An additional 28 surface soil samples
(and 3 duplicates), 9 subsurface soil samples, 7 groundwater samples (and 1 duplicate), and
1 surface water and sediment sample were collected from the 12-acre portion in 2010. All
samples were analyzed for SVOCs (2,4-dinitrotoluene, 2,6-dinitrotoluene, and nitrobenzene
only), metals, and explosives. Dissolved concentrations of metals in groundwater and
surface water were also available.

In 2011, during intrusive investigation of anomalies in the Phase I area, a leaking drum,
Drum #2, was discovered. When the drum was sampled, it was found that most of the free
liquid had evaporated, but concentrations of metals, VOCs, and SVOCs were detected in the
remaining solids. As a result, the shallow groundwater was sampled in the vicinity of the
former location of Drum #2 as part of the Phase III investigation. The results are discussed
qualitatively in Section 6.5).

6.2 Screening Methodology

For each medium (surface soil, subsurface soil, groundwater, surface water, and sediment),
the maximum and arithmetic mean concentrations were calculated and Ecological Screening
Values (ESVs) intended to be protective of ecological receptors were identified. HQs were
calculated by dividing the exposure concentrations by the ESVs. It should be noted that
ESVs for metals in water are generally based on dissolved concentrations and comparing
them to total metals concentrations is conservative and may overestimate risk.

For soil, the EPA Ecological Soil Screening Levels (EcoSSL) (EPA, 2009a) were preferentially
selected over Region 4 values (EPA, 2001). When no EcoSSL was available for a constituent,
the Region 4 value was selected.

ES090711173332VBO 6-1
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A selection hierarchy was also applied to surface water and groundwater. The NRWQC
were preferentially selected over the Region 4 values (EPA, 2009b). However, when no
NRWQC value was available for a constituent, the Region 4 value was selected as the ESV
for that constituent. Because groundwater flows north to northwest toward Wallace Creek,
which discharges to the New River, groundwater data were screened against marine ESVs.
The surface water sample was collected from a freshwater pond onsite, so the surface water
data were screened against freshwater ESVs.

For sediment, EPA Region 4 values were used.

When an ESV value was not available for a detected analyte, a supplemental screening
value from published literature was used, as available.

A base background study was conducted at MCB Camp Lejeune in June and July 2000
(Baker Environmental, Inc., 2001). As part of the ecological risk screening, surface soil,
subsurface soil, and groundwater background concentrations were compared to site-specific
media concentrations. Additional lines of evidence in the evaluation included the frequency
of detection, frequency of exceedance, magnitude of exceedance, and identification of
potential laboratory contaminants.

6.3 Phase | and Phase Il Screening Results

This section addresses constituents that were detected and had available ESVs based on the
selection hierarchy discussed above. Non-detected constituents are not expected to pose a
risk to ecological receptors. Table 1 of Appendix K presents the surface soil screen, Table 2
of Appendix K presents the subsurface soil screen, Table 3 of Appendix K presents the
groundwater screen, Table 4 of Appendix K presents the surface water screen, and Table 5
of Appendix K presents the sediment screen.

6.3.1 Surface Soil

Of the detected analytes in surface soil with available ESVs or supplemental screening
values, one explosive and six metals had maximum-based HQs greater than 1.0. Aluminum,
iron, lead, selenium, and vanadium had HQs greater than 1.0 but were consistent with
background. Cadmium had a slightly elevated maximum-based HQ (HQ=4.17), but only 3
of the 37 samples exceeded the ESV. Additionally, the mean-based HQ for cadmium was
less than 1.0. The explosive 2,4,6-trinitrotoluene had a low magnitude of exceedance (HQ =
2.15) based on a supplemental screening value. The explosive 3-nitrotoluene was also
detected but only in 1 of 37 samples. Consequently, analytes in surface soils are not expected
to pose significant risk to ecological receptors.

6.3.2 Subsurface Soil

Aluminum, iron, selenium, and vanadium had maximum-based HQs greater than 1.0.
Selenium concentrations exceeded the ESV in only 1 of 11 samples with a low magnitude of
exceedance (HQ = 1.27). The concentrations of remaining constituents were consistent with
background concentrations. As a result, analytes in subsurface are not expected to pose
significant risk to ecological receptors.
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SECTION 6—ECOLOGICAL RISK SCREENING

6.3.3 Groundwater

Aluminum, barium, iron, manganese, and vanadium were detected in both the total and
filtered samples but were consistent with background concentrations. Beryllium and cobalt
were detected in the total sample but not in the filtered sample. The remaining constituents
were either not detected or had HQs of less than 1.0. As a result, none of the constituents in
groundwater are likely to pose a significant risk to ecological receptors.

6.3.4 Surface Water

Of the analytes with available ESVs or supplemental screening values, aluminum (total) and
cadmium (total) were the only analytes with a maximum-based HQ greater than 1.0. Both
constituents had low magnitudes of exceedance (HQs of less than 2) and were not detected
in the filtered sample. Consequently, none of the constituents in surface water are likely to
pose a significant risk to ecological receptors.

6.3.5 Sediment

Beryllium and perchlorate were the only constituents detected without an available
sediment ESV or supplemental screening value identified. However, both constituents had
HQs of less than 1.0 in both the site surface soils and surface water samples. Consequently,
risk from these analytes in sediment is considered negligible. The remaining constituents
were either not detected or had maximum-based HQs of less than one. Therefore, none of
the constituents in sediment are likely to pose a significant risk to ecological receptors.

6.4 Phase lll ERS Addendum

Eight groundwater samples (plus 1 duplicate) were collected in the vicinity of Drum #2 in
July 2011. The samples were analyzed for VOCs and SVOCs. Carbon disulfide and toluene
were the only analytes detected and were each detected in only one of the eight samples.
The detected concentration of toluene (2 pg/L) was less than the marine ESV (37 pg/L). An
ESV was not available for carbon disulfide; however, the concentration of carbon disulfide
(2 ng/L) was less than the freshwater ecological screening benchmark (105 pg/L) published
by TCEQ (2006). Consequently, exposure to groundwater via discharge to nearby surface
water bodies does not pose significant risk to ecological receptors.

6.5 Summary

Based on the available data, no significant risks to populations of ecological receptors were
identified within the UXO-17 Site.
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SECTION 7

Conclusions and Recommendations

This section provides the conclusions and recommendations based on the findings of the
PA/SL

7.1 Conclusions

7.1.1 DGM and Intrusive Investigation

Approximately 31.5 percent of Site UXO-17 was surveyed (100 percent of the 4-acre Phase I
investigation area and 9 percent the 12-acre Phase II investigation area) yielding a total of
1,992 geophysical anomalies and 21 SRAs potentially representing subsurface MEC.
Intrusive investigation all 1,992 of these anomalies and 21 SRAs resulted in the identification
of one MEC and 279 MPPEH items. The MEC item, a ¥4 Ib Charge Supplementary, TNT, for
Artillery Projectile, was discovered at a depth of 3 feet bgs and was determined to be DMM
associated with Site UXO-17’s historical use as a firing position. Other MPPEH was
consistent with the site’s use for training, with the majority of items found within the first
foot bgs. Other than DMV, the firing position and surrounding training area were not
determined to be a source of MEC.

Based on the estimated 263,500 pounds of other debris items (concrete, metal drums, and
scrap metal) encountered, it is likely that portions of the site were used for disposal.

7.1.2 Environmental Investigation

The PA/SI involved the site-wide collection of samples of various environmental media
(surface soil, subsurface soil, sediment, surface water, and groundwater) during the Phase I
and Phase Il investigations. Additional groundwater samples were collected and analyzed
for VOCs and SVOCs during the Phase III investigation to identify and delineate any
potential impacts to groundwater by Drum #2, which had leaked into site soils. A summary
of the detected target analytes in all environmental samples that exceeded two times the
mean MCB CamLej background concentration (available for metals only for soil and
groundwater) and one or more of the regulatory screening criteria is provided below.

Surface Soil

Arsenic, cadmium, chromium, cobalt, iron, manganese, and selenium were the only target
analytes detected in surface soil that exceeded exceeded two times the mean MCB CamLej
background concentration and one or more of the regulatory screening criteria.

Subsurface Soil

Aluminum, arsenic, chromium, iron, and selenium were the only target analytes detected in
subsurface soil that exceeded two times the mean MCB CamLej background concentration
and one or more of the regulatory screening criteria.
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Sediment

Three metals (aluminum, arsenic, and chromium) were the only target analytes that
exceeded one or more of the regulatory screening criteria.

Surface Water

Perchlorate was the only target analyte that exceeded the regulatory screening criteria.

Groundwater

Chromium and cobalt were the only target analytes that exceeded two times the mean MCB
CamlLej background concentration and one or more of the regulatory screening criteria.

7.1.3 Human Health and Ecological Risk Screenings

The risk screening results indicated that exposure to Site UXO-17 soil, sediment, surface
water, and groundwater would not result in unacceptable human health or ecological risks.

7.2 Recommendations

No additional environmental or MEC investigation is recommended at Site UXO-17, Former
Firing Position 2, based on the following:

¢ No unacceptable human health or ecological risks were identified from exposure to site
media

¢ Intrusive anomaly investigations were completed over 100% of the 4-acre firing position
and the risk of contact with MEC was significantly reduced

e Intrusive anomaly investigations were completed over 9% of the surrounding 12-acre
area and no MEC items were encountered.

e Itis anticipated that the site will be used as an above grade expansion area for the Base
landfill, potentially covering any remaining subsurface debris.

Prior to MILCON proceeding at the site, it is recommended that all site personnel
conducting subsurface/intrusive activities receive "3R" munitions awareness training for
recognizing, retreating, and reporting potential MEC hazards. It is also recommended that
on-call construction support be provided from MCB CamLej Explosive Ordnance Disposal
personnel or a qualified UXO contractor for inspection and disposal of suspected
MEC/MPPEH that may be unearthed.
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SECTION 1

Introduction, Purpose, and Scope

Marine Corps Base (MCB) Camp Lejeune is in the process of investigating closed ranges at
the Base following the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) investigation process. Munitions response program (MRP)
construction support activities included under Contract #, Task Order (TO)-09 will be
conducted at the Firing Position 2.

The results of the environmental investigation will determine if any impacts to soil and
groundwater have occurred at Firing Position 2 due to past range activities. To support site
investigation effort, this archival records search report has been prepared to provide a
narrative of the historical activities at Firing Position 2 that may have resulted in
environmental contamination with MEC.

The archival records search report is an investigative review of existing information about
the site and its surrounding area, with an emphasis on obtaining information from
personnel and historical resources that might indicate a potentially hazardous release to the
environment. The scope of the report includes:

e Areview of existing information about the site (including MCB Camp Lejeune maps,
drawings, and reports, and interviews with MCB Camp Lejeune personnel).

e (Collection of additional information about the site.

A complete listing of resources identified and investigated for this report is provided in
Attachment 1. Attachment 1 also includes details concerning the reviews of the historical
information from the Marine Corps Library at Quantico, National Archives and Records
Administration (NARA) map and text files, and MCB Camp Lejeune base files.
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SECTION 2

Site Information

2.1 Ownership and Operational History

211 MCB Camp Lejeune Ownership History

The history of the land now occupied by MCB Camp Lejeune is documented primarily
through land records and maps. Following the start of World War II (WWII), the War
Department began purchasing tracts of land in 1941 from local residents to meet the need
for an East Coast amphibious training facility. Prior to the Marines occupation, the land had
been occupied by white and African-American communities and farms since the Colonial
era. The land contained plantation houses, cabins, farm buildings, tobacco barns, stores, and
various cemeteries (Global Security Website, 2007).

The initial land transferred to the government was acquired in 14 different transactions
between April and October 1941 and totaled 173.8 square miles or 111,155 acres, of which
there were 85,155 land acres and about 26,000 acres under water (Loftfield, 1981, Louis
Berger Group, 2002). The individual tracts of land were grouped into various “Areas’ for
consolidation.

212 Firing Position 2

Firing Position 2 was identified as Archives Search Report (ASR) Site 2.212, Firing Position 2
in the Final Range Identification and Preliminary Assessment (USACE, 2001). ASR 2.212 also
includes other gun position sites at MCB Camp Lejeune. The site is located east of Piney
Green Road and north of the current landfill at MCB Camp Lejeune at base coordinates
876-414.

An interview with a former Range Control Officer (1983 to 1985) indicated that the Firing
Position 2 may have been established in the 1950s and was used through at least 1985 for the
firing of 105 mm and 155 mm howitzers. A howitzer is a type of artillery that is
characterized by a relatively short barrel and the use of comparatively small explosive
charges to propel projectiles at trajectories with a steep angle of descent (see Figures A-1
through A-2). The munitions used at this site may have included 4.2-inch mortar, 120
millimeter (mm) mortar, 105 mm and 155 mm howitzers, a 175 mm gun, and an 8-inch
howitzer. Munitions from this site were fired into the G-10 Impact Area. The interview also
revealed that unused propellant would have been burnt on the ground at this site
(Redmond, 2007).

An interview with the Base Safety specialist indicated that the Firing Position 2 was
established as a training ground. A howitzer was also positioned at this site and fired
105mm and 155mm ammunition into the G-10 Impact Area. No live ammunition was fired
at this site during training, only practice rounds. As a result of the historical usage and type
of training conducted at the site, there should be no ground unexploded ordnance (UXO);

2-1



although, ammunition packaging, blanks, range residue, barbwire, and buried garbage may
be present (Richardson, 2007).

2-2
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Figure A-1

105 mm Howitzer
Firing Position 2
Camp Lejeune, NC
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Figure A-1

105 mm and 155mm Howitzer Projectiles
Firing Position 2

Camp Lejeune, NC

105 mm
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Resource Review Summary

The following table provides a summary of the specific references identified for review,
interview, or contact for the archival report.

Resource Actions Completed

Quantico, Virginia, Marine Corps Library Reviewed all available file folders related to Camp Lejeune —

No relevant files to copy.
Gray Research Center

Reviewed all available file photos related to Camp Lejeune —
No relevant photos to copy.

US National Archives (NARA 1) Historical Reviewed text and drawing files from Text Division. Made
Files copies or relevant files.

Barry Zirby/National Archives Text File See US National Archives Files Review

Camp Lejeune Technical Records files Reviewed and copied all relevant documents related to

historical land use for each site.

Camp Lejeune Personnel

Bob Lowder/Environmental Contacted and interviewed

Linda Futrell/ Real Estate Expert Contacted and interviewed

Anna Watts/ Technical Records Contacted and interviewed

Carl Baker/ Technical Records Contacted and interviewed

8;Jf§ne Richardson/ Base Range Safety Contacted and interviewed
icer

Ben Redmond/Former Range Control Officer ~ Contacted and interviewed
(1983 through 1985)

Marine Corp Library Review

Text Division

Contact: Annette Amerman
Site Visit: November 1, 2007

File review at Marine Corps Base, Quantico, Virginia, Gray Research Center, Marine Corps
Archives and Special Collections.

No pertinent documents were obtained from the file review.



RESOURCE REVIEW SUMMARY

National Archives and Records Administration Review

Text Division

Contact: Mr. Barry Zirby, 301-713-7250 x285
Site visits on November 5 and 6, 2007

Reviewed 17 boxes of files associated with the Marine Corps, 1939-1950

Record Group 127 (USMC), Office of the Commandant, General Correspondence,
January 1939-June 1950, 1275/70-800 (10/45-1/47) to 1275/70-727 (1/44-12/47), Box 218.

Record Group 127 (USMC), Office of the Commandant, General Correspondence,
January 1939-June 1950, 1275/70-800 (10/44-1/45) to 1275/70-800 (7/45-9/45), Box 219.

Record Group 127 (USMC), Office of the Commandant, General Correspondence,
January 1939-June 1950, 2000-10 (1/48-12/48) to 2000-10 (5/24-12/36), Box 1201.

Record Group 127 (USMC), Office of the Commandant, General Correspondence,
January 1939-June 1950, 2000-10 (6/45-4/46) to 2000-10 (5/44), Box 1202.

Record Group 127 (USMC), Office of the Commandant, General Correspondence,
January 1939-June 1950, 2000-20 (1/49-10/49) to 2000-10 (1/45-6/45), Box 1203.

Record Group 127 (USMC), Office of the Commandant, General Correspondence,
January 1939-June 1950, 2000-20 (1/44-6/47) to 2000-20 (5/48-12/48), Box 1204.

Record Group 127 (USMC), Office of the Commandant, General Correspondence,
January 1939-June 1950, 2000-20-5 (6/46-12/47) to 2000-20 (6/43), Box 1205.

Record Group 127 (USMC), Office of the Commandant, General Correspondence,
January 1939-June 1950, 2000-20-10 (7/48-10/47) to 2000-20-5 (4/45-6/46), Box 1206.

Record Group 127 (USMC), Office of the Commandant, General Correspondence,
January 1939-June 1950, 2000-20-10 (7/41-11/42) to 2000-20-10 (1/45-6/45), Box 1207.

Record Group 127 (USMC), Office of the Commandant, General Correspondence,
January 1939-June 1950, 2000-20-10 (7/39-2/40) to 2000-20-10 (2/40-6/41), Box 1208.

Record Group 127 (USMC), Office of the Commandant, General Correspondence,
January 1939-June 1950, 2000-20-20 (1/48-12/48) to 2000-20-15 (1/49-6/50), Box 1209.

Record Group 127 (USMC), Office of the Commandant, General Correspondence,
January 1939-June 1950, 2000-20-20 (1/44-11/46) to 2000-20-20 (11/46-12/47), Box 1210.

Record Group 127 (USMC), Office of the Commandant, General Correspondence,
January 1939-June 1950, 2295-10 Brooklyn to 2285-10 Camp Lejuene, Box 1570.

Record Group 127 (USMC), Office of the Commandant, General Correspondence,
January 1939-June 1950, 2295-10 Camp Lejuene to 2285-10 Camp Lejuene, Box 1571.

Record Group 127 (USMC), Office of the Commandant, General Correspondence,
January 1939-June 1950, 2295-10 Camp Lejuene to 2285-10 Camp Lejuene, Box 1572.



ATTACHMENT 1

e Record Group 127 (USMC), Quartermaster, General Correspondence, January 1940, 215-
4 to 215-6, Box 145.

e Record Group 127 (USMC), Correspondence Files of the Office of the Commandant,
Headquarters Support Division Central Files Section, 1950-1958, Box 172.

The boxes contained information primarily related to weapons test results, weapons cost
distribution, weapons training classes, weapon specifications, and cleaning and
maintenance. The material was not specific to Camp Lejeune and included information for
several MC bases.

List of Documents Obtained from National Archives

No pertinent documents were obtained from the file review.

MCB Camp Lejeune Base Site Visit and Records Review

Base Contact: Mr. Bob Lowder, Environmental Management Division, 910-451-9607

File reviews of records in the base Technical Records office were conducted during the site
visit. Additionally, interviews were conducted with Bob Lowder/Environmental Manager,
Anna Watts/Technical Records, Carl Baker/Technical Records, and Duane
Richardson/EOD Base Range Safety Officer.

List of Documents Obtained from Camp Lejeune

Base Real Estate Office
e “Proposed Borrow Sites, Vicinity Map”, 1992. NAVFAC Drawing 14854, Sheet 1 of 4.

e “Proposed Borrow Area, Camp Geiger”, 1992. NAVFAC Drawing 14855, Sheet 2 of 4.

Base Library

e Louis Berger Group, Inc. Under USCOE, Wilmington District Contract DACWS4-99-C-
0004, Semper Fidelis: A Brief History of Onslow County, North Carolina and MCB, Camp
Lejeune, 2002, United States Marine Corps, Lt. Col Lynn J. Kimball (USMC, Retired)
Consulting Historian.

e Lotfield, Thomas, C. Principal Investigator. UNCW, August 1981. Archeological and
Historical Survey of USMC Base, Camp Lejeune; Naval Facilities Engineering Command
Norfolk, Coastal Zone Resource Corp., Vol. II, Contract No. N62470-79-C-4273.

Environmental Office

No pertinent documents were obtained from the file review.



Appendix B
Soil Boring Logs, Well Completion Diagrams,
and Well Development Sheets




e CH2ZMHILL
-

Client: NAVFAC

Project: TO-09/Landfill Firing Position 2
Location: MCB Camp Lejeune
Project Number: 363366

Boring Number: ASR2.212.FP2-1S01°"e¢" 11

Driller: PARRATT WOLFF

Drilling Method: Power Probe 9600T
Sampling Method: 4 ft. Macrocore

Logged by: E. Must/RDU

Start/Finish Date: 10/7/2008 1320/1350

Sample Information
S © >
= 3 2 E o Soil Description ﬁ Comments
S| o 2| 3 o g ~
£| 2 |2| 3 = |2 £
o IS e o = = o
) < © o] o ) )
[a) %] n 14 " %] [a]
Ground Surface 0 . o
0 0 Screened with MiniRae 2000
Sand (SP) PID
Brown/tan, fine grained, poorly graded, loose,
7] dry to moist
1 1 |MC| 87 NA PID: 0.0 ppm above macrocore
7 Collected sample
ASR2.212.FP2-1S01-3-5 and
-4 | ASR2.212.FP2-IS01D-3-5 (3
Sand (SP) 4 | to5 ft bgs)
Brown/tan, fine grained, poorly graded, loose,
i moist to wet
4 2 MC| 87 NA 7 PID: 0.0 ppm
| Silty Sand (SM) 7
Dark brown, fine grained, loose, saturated
-8
Silty Sand (SM) 8
Dark brown, fine grained, loose, saturated
104 3 MC | 100 NA
-11
| Silty Sand (SM) 11
Dark brown, fine grained, loose, saturated, trace
clay 12
Sand (SP) 12
Dark brown/tan/light green grey, very fine
E grained, poorly graded, loose, wet, laminated
dark brown/tan from 11 to 11.5 ft bgs
] End of Log Installed temporary well
ASR2.212.FP2-TWO01 set to
15 14 ft bgs, screened from 4 to
14 ft bgs
20—




e CH2ZMHILL
-

Client: NAVFAC
Project: TO-09/Landfill Firing Position 2
Location: MCB Camp Lejeune

Boring Number: ASR2.212.FP2-1S02°"eet o1

Driller: PARRATT WOLFF

Drilling Method: Power Probe 9600T
Sampling Method: 4 ft. Macrocore
Logged by: E. Must/RDU

Start/Finish Date: 10/7/2008 1120/1200

Project Number: 363366

Sample Information
g & © >
= 3 2 E o Soil Description ﬁ Comments
S| o 2| 3 o g ~
£| 2 |2| 3 = |2 £
o 1S IS o = = =%
O © < o} o o O
a 0 ) x n (%} &)
Ground Surface 0 . -
0 0 Screened with MiniRae 2000
Sand (SP) PID
Tan/brown, very fine grained, poorly graded,
N loose, dry to moist
-2 )
1 [(MC| 87 NA Silty Sand (SM) > PID: 0.0 ppm above macrocore
Dark grey, black, very fine grained, loose, moist,
T trace organics Collected sample
Sand (SP) | - giFi)Zg.g)lz.FPZ-ISOZA-G (410
Tan/brown, very fine grained, poorly graded,
loose, dry to moist
5 Sandy Clay (CL)
Grey, firm, moist, some very fine grained sand
91 2 MC| 87 NA Clayey Sand (SC) Liner stuck due to wet sand
Grey, very fine grained, medium dense, some PID: 0.0 ppm
_ clay, moist
Sand (SP)
Tan/brown, fine grained, poorly graded, loose, -8
moist, wet at 6 ft bgs, trace clay at 6.75 to 7 ft 8
bgs
End of Log
10—
B Installed temporary well
ASR2.212.FP2-TWO02 set to
15 14 ft bgs, screened from 4 to
14 ft bgs
20—




0 CH2ZMHILL

-

Client: NAVFAC

Project: TO-09/Landfill Firing Position 2
Location: MCB Camp Lejeune

Project Number: 363366

Boring Number: ASR2.212.FP2-1S03>"ee" 11

Driller: PARRATT WOLFF
Drilling Method: Power Probe 9600T

Sampling Method: 4 ft. Macrocore
Logged by: E. Must/RDU

Start/Finish Date: 10/7/2008 1600/1625

Sample Information
2 E| b >
= 3 2 ; o Soil Description ﬁ Comments
S| o 2| 3 o g ~
£| 2 |2| 3 = |2 £
[} IS IS o = = a
) © © o} o o) )
a ) 0| n (] a
0 Ground Surface 0 Screened with MiniRae 2000
Silty Sand (SM) ° | pD
Tan/grey/brown, very fine grained, medium
N dense, dry to moist, trace organics 2 to 2.5 ft
bgs
1 1 |MC| 87 NA PID: 0.0 ppm above macrocore
-4
Silty Sand (SM) 4
Tan/grey/brown, very fine grained, medium
5 dense, dry to moist Collected Sample
-------------------------------------------------------------------------------------- 6| ASR2.212.FP2-1S03-5-7 (5to
4 5 mc | 100 NA Interbedded Silty Sand (SM) and Sand (SP) 6 7 ft bgs) MS/MSD
Tan/grey/brown, very fine grained, medium
dense, dry to moist silty sand, and light grey, PID: 0.0 ppm
] very fine grained, poorly graded, loose, moist
sand beds 0.5 to 2 inches thick 8
“sand(SP) 8
Light grey, fine grained to very fine grained,
7] loose, poorly graded, wet to saturated
104 3 |MC| 25 NA Liner stuck in sampler
-12
12
End of Log
15+ Installed temporary well
ASR2.212.FP2-TWO03 set to
i 15 ft bgs, screened from 5 to
15 ft bgs
20—




e CH2ZMHILL
-

Client: NAVFAC

Project: TO-09/Landfill Firing Position 2
Location: MCB Camp Lejeune

Project Number: 363366

Boring Number: ASR2.212.FP2-1S04°>"¢¢" 11

Driller: PARRATT WOLFF

Drilling Method: Power Probe 9600T
Sampling Method: 4 ft. Macrocore
Logged by: E. Must/RDU

Start/Finish Date: 10/8/2008 0730/0800

Sample Information
2l g % <
= 3 2 E o o Soil Description ﬁ Comments
~ Q@ Qo o o o -~
£| 2 |2| 3 = |2 £
o IS e o = = o
) S © o] o ) )
a %] n 14 " %] )
0 Ground Surface 0 Screened with MiniRae 2000
; 0
||||I| Silty Sand (SM) _ _ PID
|||| |||| Dark brown to tan, fine grained, loose to medium
_ || | |I| dense, moist, trace organics from 0 to 2 ft bgs
[ I|I |I|
1 1 |MC| 100 NA |!|| |i| PID: 0.0 ppm above macrocore
'||'|'||'|
- il
II|| |||||
Hll -4
||| Silty Sand (SM) 4
!Illlll Dark brown to tan, fine grained, loose to medium 5
5 AR dense, moist 5
Interbedded Silty Sand (SM) and Sand (SP)
1 2 |MC| 100 NA Dark brown to tan, fine grained, loose to medium PID: 0.0 ppm
dense, moist silty sand, Light tan/grey, fine to
_ very fine grained, poorly grfided, moist to wet Collected sample
san_d, b_eds Q.05 to 0.3 ft thick, some orange ASR2.212.FP2-1S04-7-9 (7 to
..... laminationsinsand | -8 | 9fthgs)
Sand (SP) 8
} Light grey and orange, fine to very fine
grained, poorly graded, wet at 10 ft bgs
104 3 |MC]| 100 NA PID: 0.0 ppm
-12
Sand (SP) 12
} Light grey and orange, fine to very fine
grained, poorly graded, saturated
4 4 |MC]| 100 NA PID: 0.0 ppm
15—
-16
16 | 'nstalled temporary well
End of Log ASR2.212.FP2-TWO04 set to
i 16 ft bgs, screened from 6 to
16 ft bgs
20—




PROJECT NUMBER WELL NUMBER
‘ 363366 ASR2.212.FP2-TWO1 sHeeT 1 oF 1
CH2MHILL
> WELL COMPLETION DIAGRAM
PROJECT : TO-09 Landfill Firing Position 2 LOCATION : MCB Camp Lejeune

DRILLING CONTRACTOR : Parratt Wolff
DRILLING METHOD AND EQUIPMENT USED : DPT/ Power Probe 9600T

WATER LEVELS : 6.05' BTOC START : 10/7/2008 1355 END : 10/7/08 1445 LOGGER : E. Must/RDU
3
3b 2 1\ 1- Ground elevation at well 21.35' AMSL
> | 2- Top of casing elevation 21.71' AMSL
3a— 3- Wellhead protection cover type Locking Cap
a) drain tube? None
b) concrete pad dimensions None
8 I 2' I
4- Dia./type of well casing 1" Schedule 40 PVC
=1
I 4' I 5- Type/slot size of screen 0.01" Slot Schedule 40 PVC
S R
| 14 | 6- Type screen filter Prepack Screen and # 1 Filter Sand
a— v a) Quantity used 1/4 bag
7- Type of seal 3/8" Bentonite Chips
a) Quantity used 1/4 bag
| 5 8- Grout
a) Grout mix used NA
b) Method of placement NA
c) Vol. of well casing grout NA
Development method Surge and Purge (Peristaltic Pump)
| 10 I _— 6
Development time 2.5 hrs
Estimated purge volume 8 gallons
Comments: BTOC = below top of casing; AMSL = above mean sea
level; NA = Not Applicable; NM = Not measured




PROJECT NUMBER

363366

WELL NUMBER

ASR2.212.FP2-TWO02

SHEET 1 OF 1
‘ CH2MHILL
> WELL COMPLETION DIAGRAM
PROJECT : TO-09 Landfill Firing Position 2 LOCATION : MCB Camp Lejeune

DRILLING CONTRACTOR : Parratt Wolff

DRILLING METHOD AND EQUIPMENT USED :

DPT/ Power Probe 9600T

WATER LEVELS : 5.51' BTOC START : 10/7/2008 1205 END : 10/7/08 1305 LOGGER : E. Must/RDU
3
3b 2 1\ 1- Ground elevation at well 22.3' AMSL
> | 2- Top of casing elevation 22.66' AMSL
3a— 3- Wellhead protection cover type Locking Cap
a) drain tube? None
b) concrete pad dimensions None
8 I 2' I
4- Dia./type of well casing 1" Schedule 40 PVC
=1
I 4' I 5- Type/slot size of screen 0.01" Slot Schedule 40 PVC
S R
| 14 | 6- Type screen filter Prepack Screen and # 1 Filter Sand
a—7 a) Quantity used NM

7- Type of seal

3/8" Bentonite Chips

a) Quantity used

NM

8- Grout
a) Grout mix used

NA

b) Method of placement

NA

c) Vol. of well casing grout

NA

Development method

Surge and Purge (Peristaltic Pump)

Development time

50 min

Estimated purge volume

4 gallons

Comments:

BTOC = below top of casing; AMSL = above mean sea

level; NA = Not Applicable; NM = Not measured

Landfill FP2_Well Completion Diagrams.xls

XXXXXX. XX XX



PROJECT NUMBER

WELL NUMBER

‘ 363366 ASR2.212.FP2-TW03 sHEeT 1 OF 1
CH2MHILL
> WELL COMPLETION DIAGRAM
PROJECT : TO-09 Landfill Firing Position 2 LOCATION : MCB Camp Lejeune
DRILLING CONTRACTOR : Parratt Wolff
DRILLING METHOD AND EQUIPMENT USED : DPT/ Power Probe 9600T
WATER LEVELS : 9.48' BTOC START : 10/7/2008 1630 END : 10/7/08 1740 LOGGER : E. Must/RDU
3
3b 2 1\ 1- Ground elevation at well 23.05' AMSL
> | 2- Top of casing elevation 23.37' AMSL
3a— 3- Wellhead protection cover type Locking Cap
a) drain tube? None
b) concrete pad dimensions None

4- Dia./type of well casing 1" Schedule 40 PVC

5- Type/slot size of screen 0.01" Slot Schedule 40 PVC

6- Type screen filter Prepack Screen and # 1 Filter Sand

a) Quantity used 1/4 bag

7- Type of seal 3/8" Bentonite Chips

a) Quantity used 1/4 bag
8- Grout

a) Grout mix used NA

b) Method of placement NA

c) Vol. of well casing grout NA

Development method Surge and Purge (Peristaltic Pump)

Development time 1 hr, 13 mins

Estimated purge volume 3.85 gallons

Comments: BTOC = below top of casing; AMSL = above mean sea
level; NA = Not Applicable; NM = Not measured

Landfill FP2_Well Completion Diagrams.xls

XXXXXX. XX XX



PROJECT NUMBER WELL NUMBER
‘ 363366 ASR2.212.FP2-TW04 sHeeT 1 oOF 1
CH2MHILL
> WELL COMPLETION DIAGRAM
PROJECT : TO-09 Landfill Firing Position 2 LOCATION : MCB Camp Lejeune

DRILLING CONTRACTOR : Parratt Wolff
DRILLING METHOD AND EQUIPMENT USED : DPT/ Power Probe 9600T

WATER LEVELS : 10.67' BTOC START : 10/8/2008 0830 END : 10/8/08 0900 LOGGER : E. Must/RDU
3
3b 2 1\ 1- Ground elevation at well 24.38' AMSL
> | 2- Top of casing elevation 24.47° AMSL
3a— 3- Wellhead protection cover type Locking Cap
a) drain tube? None
b) concrete pad dimensions None
8 1
4- Dia./type of well casing 1" Schedule 40 PVC
=1
I 6' I 5- Type/slot size of screen 0.01" Slot Schedule 40 PVC
S R
| 16' | 6- Type screen filter Prepack Screen and # 1 Filter Sand
a— v a) Quantity used 1.5 bags
7- Type of seal 3/8" Bentonite Chips
a) Quantity used 1/4 bag
| 5 8- Grout
a) Grout mix used NA
b) Method of placement NA
c) Vol. of well casing grout NA
Development method Surge and Purge (Peristaltic Pump)
| 10 I _— 6
Development time 1 hr 20 mins
Estimated purge volume 3.75 gallons
Comments: BTOC = below top of casing; AMSL = above mean sea
level; NA = Not Applicable; NM = Not measured




Boring Number: MR17-1S01 Sheet: 1 of 1

Driller: American Environmental

Client: NAVFAC Drilling Method: Direct Push
Project: CTO-141 Site UXO-17 Sampling Method: Acetate Sleeves
Location: MCB CamLej Logged by: Mark Ost/VBO
Project Number: 406817.S1.MS Start/Finish Date: 12/04/2010
Sample Information
g
= = [F] > = Soil Description Comments
Sl 2 2|2 © | 8
£ 2 | 2|3 - -
g E|Eise| EL |3
(a] n oS 0 | a
0 Ground Surface
Silt, ML
white (7.5 yr/8/1), dry, loose
Silt, ML
black (7.5 yr/2.5/1), dark stained
4 1 HA-1 48 Collected MR17-1S01-2-4-10D from
Sand, SP 2to 4 ft bgs
| white (7.5 yr/8/1), moist, fine, loose
End of Log Water level encountered at 4 ft bgs
5_
10—
15—
20—




Boring Number: MR17-1S02 Sheet: 1 of 1

Driller: American Environmental

Client: NAVFAC Drilling Method: Direct Push
Project: CTO-141 Site UXO-17 Sampling Method: Acetate Sleeves
Location: MCB CamLej Logged by: Mark Ost/VBO
Project Number: 406817.S1.MS Start/Finish Date: 12/04/2010
Sample Information
g
| = gl > ~ o Soil Description Comments
= 2 o9 © o
£ 2 | 2|3 - -
g E|Eise| EL |3
o n oS 0 | a
0 Ground Surface
Organic Soil, OL
gray(5yr/5/1), moist, loose
Silt, ML
gray (5yr/5/1), moist, loose, mottled
1 HA-1 / Clay, CL
| 60 % white (7.5yr/8/1), dry, dense plastic
Silt, ML
. brown (7.5y1/5/3), dry, dense Collected MR17-1S02-4-6-10D from
4 10 6 ft bgs
5
Silty Sand, SM
2 pP-1 12 white (7.5yr/8/1)
Water level encountered at 6 ft bgs
End of Log
10—
15—
20—




Boring Number: MR17-1S03 Sheet: 1 of 1

Driller: American Environmental

Client: NAVFAC Drilling Method: Direct Push
Project: CTO-141 Site UXO-17 Sampling Method: Acetate Sleeves
Location: MCB CamLej Logged by: Mark Ost/VBO
Project Number: 406817.S1.MS Start/Finish Date: 12/04/2010
Sample Information
g
= = [F] > = Soil Description Comments
Sl 2 |2 © | 2
£ 2 | 2|3 - -
g E|Eise| EL |3
o n oS 0 | a
0 Ground Surface
Sand, SP
white (10yr/8/1), dry,loose, very fine
Silt, ML
pink gray (7.5yr/7/2), dry, loose
Sand, SP
1 HA-1 60 S
. pink gray(7.5yr/7/2), dry, loose Collected MR17-1S03-3-5-10D from
3to 5 ft bgs
> 2 DP-1 6
. End of Log Water level encountered at 5.5 ft bgs
10—
15—
20—




Boring Number: MR17-1S04 Sheet: 1 of 1

Driller: American Environmental

Client: NAVFAC Drilling Method: Direct Push
Project: CTO-141 Site UXO-17 Sampling Method: Acetate Sleeves
Location: MCB CamLej Logged by: Mark Ost/VBO
Project Number: 406817.S1.MS Start/Finish Date: 12/04/2010
Sample Information
g
| = gl > ~ o Soil Description Comments
= 2 o9 © o
£ 2 | 2|3 - -
g E|Eise| EL |3
(a] n oS 0 | a
0 Ground Surface
Silt, ML
} light gray (10yr/7/1), damp, loose, iron stain
1 HA-1 60
b Collected MR17-1S04-3-5-10D
) /1 Clayey Silt, ML
white (10yr/8/1), loose
5 Water level encountered at 5 ft bgs
End of Log
10—
15—
20—




Boring Number: MR17-1S05

Client: NAVFAC

Project: CTO-141 Site UXO-17
Location: MCB CamLej
Project Number: 406817.S1.MS

Sheet: 1 of 1

Driller: American Environmental
Drilling Method: Direct Push
Sampling Method: Acetate Sleeves
Logged by: Mark Ost/VBO
Start/Finish Date: 12/04/2010

Sample Information
[«*]
Q.
= ** el IS o~ Soil Description Comments
Sl 2 |22 © | 8
£ 2 | 2|3 : -
& E|ElSs| Es |3
o n oS 0 | a
0 Ground Surface
Silt, ML
(10yr/5/3), loose, dry
HHRl  Sandy Silt
1 HA1 36 il (10yr/8/1), loose
7 THIHHN Collected MR17-1S05-1-3-10D from
1 to 3 ft bgs
End of Log Water level encountered at 3 ft bgs
5_
10—
15—
20—




Client: NAVFAC

Project: CTO-141 Site UXO-17
Location: MCB CamLej
Project Number: 406817.S1.MS

Boring Number: MR17-1S06 Sheet: 1 of 1

Driller: American Environmental
Drilling Method: Direct Push
Sampling Method: Acetate Sleeves

Logged by: Mark Ost/VBO
Start/Finish Date: 12/04/2010

Sample Information
[«*]
Q.
= ** el IS o~ Soil Description Comments
Sl 2 |22 © | 8
£ 2 | 2|3 : -
& E|ElSs| Es |3
o n oS 0 | a
0 Ground Surface
Silt, ML
(2.5yr/5/1), loose, dry, organic
] No recovery
1 HA-1 24
5 -
Wood Chips
i Silt, ML
white (10yr/8/1), loose
2 DP-1 60
B Collected MR17-1S06-8-10-10D from
810 10 ft bgs
10
End of Log Water level encountered at 10 ft bgs
15—
20—




Client: NAVFAC
Project: CTO-141 Site UXO-17
Location: MCB CamLej

Boring Number: MR17-1S07

Project Number: 406817.S1.MS

Sheet: 1 of 1

Driller: American Environmental
Drilling Method: Direct Push
Sampling Method: Acetate Sleeves
Logged by: Mark Ost/VBO
Start/Finish Date: 12/04/2010

Sample Information

20—

[}
o
= ® | E > n Soil Description Comments
Sl o |22 © | 2
£ 2 | 2|3 : -
& E|EIsSe| E: |3
o O (ol ol |
0 Ground Surface
HHhnf - sitt, ML
dijinl  white (10yr/8/1), loose, dry
| 1 pA-1 60 damp 2.5 to 5 ft bgs
bl _ Collected MR17-1S07-5-7-10D from
/ Clayey Silt, ML 5to 7 ft bgs
% white (10yr/8/1)
41 2 DP-1 24 %
7
v

Water level encountered at 10 ft bgs

End of Log




Sheet: 1 of 1

Boring Number: MR17-1S08

Driller: American Environmental

Client: NAVFAC Drilling Method: Direct Push
Project: CTO-141 Site UXO-17 Sampling Method: Acetate Sleeves
Location: MCB CamLej Logged by: Mark Ost/VBO
Project Number: 406817.S1.MS Start/Finish Date: 12/04/2010
Sample Information
g
= = [F] > = Soil Description Comments
Sl 2 2|2 © | 8
£ 2 | 2|3 : -
& E|ElSs| Es |3
(a] n oS 0 | a
0 Ground Surface
Silt, ML
red gray (2.5yr/5/1), dry, very dense
Silt, ML
red yellow (7.5yr/6/8), dry, loose
| 1 pA-1 60 Clayey Silt, ML
white (10yr/8/1), medium dense, moist
5
Clay, CL
white (7.5yr/8/1), plastic, moist
A Collected MR17-1S08-6-8-10D from
6 to 8 ft bgs
2 DP-1 60
B Silty Clay, CL Water level encountered at 8 ft bgs
| %2 white (10yr/8/1), medium dense, plastic
10 7
End of Log
15—
20—




Sheet: 1 of 1

Boring Number: MR17-TW09

Driller: American Environmental

Client: NAVFAC Drilling Method: Direct Push
Project: CTO-141 Site UXO-17 Sampling Method: Acetate Sleeves
Location: MCB CamLej Logged by: Mark Ost/VBO
Project Number: 406817.S1.MS Start/Finish Date: 12/01/2010
Sample Information
g
= = [F] > = Soil Description Comments
Sl 2 2|2 © | 8
£ 2 | 2|3 - -
g E|Eise| EL |3
(a] n oS 0 | a
0 Ground Surface
Sand, SP
white (5yr/8/1), dry, fine
Sand, SP
pale brown (10yr/8/4), dark stain
1 HA-1 60
b Collected MR17-1S09-3-5-10D from
31to 5 ft bgs
5
Sand, SP
pale brown (10yr/8/2), loose, saturated
] I silty Sand, SM
2 pPP-1 60 HIHRH|  light gray (10yr/7/1), loose, saturated
B THIHH Water level encountered at 8 ft bgs
10
Silty Sand, SM
white (10yr/8/1), loose, saturated
3 pP-2 60
15 - End of Log
20—




Client: NAVFAC

Project: CTO-141 Site UXO-17

Location: MCB CamLej

Project Number: 406817.S1.MS

Boring Number: MR17-TW10

Sheet: 1 of 1

Driller: American Environmental
Drilling Method: Direct Push

Sampling Method: Acetate Sleeves

Logged by: Mark Ost/VBO

Start/Finish Date: 12/01/2010

Sample Information
g
= = [F] > = Soil Description Comments
Sl 2 |2 © | 2
£ =¥ 2| 3 : |
2 E|Else| EF |3
o n oS 0 | a
0 Ground Surface
Sand, SP
dark gray (2.5yr/4/1), dry, loose, fine
Sand, SP
white (10yr/8/1), moist at 5 ft bgs
1 HA-1 60
b Collected MR17-1S10-3-5-10D from
31to 5 ft bgs
5
Sand, SP water level encountered at 5 ft bgs
gray (10yr/5/1), loose, saturated
2 DP-1 60
i Medium Sand, SP
10 white (10yr/8/1), loose, saturated
Sand, SP
| white (10yr/8/1), loose, saturated
3 pP-2 60
15 Sand, SP
brown yellow (10yr/6/6), iron stain
| End of Log
20—




Client: NAVFAC

Project: CTO-141 Site UXO-17
Location: MCB CamLej
Project Number: 406817.S1.MS

Boring Number: MR17-TW11

Sheet: 1 of 1

Driller: American Environmental
Drilling Method: Direct Push

Sampling Method: Acetate Sleeves

Logged by: Mark Ost/VBO

Start/Finish Date: 12/02/2010

Sample Information
g
= ® | E > n o Soil Description Comments
s e leg| ®8
& E|ElSs| Es |3
o n oS 0 | a
0 Ground Surface
Sand, SP
brown (10yr/5/3), dry, loose, fine
i Silty Sand, SM
1 HA-1 60 gray (7.5yr/6/1), dry, low plasticity
b Sand. SP Collected MR17-1S11-4-6-10D from
5 white (10yr/8/1), loose, moist 4106 ft bgs
] Silty Sand, SM water level encountered at 5 ft bgs
white (10yr/8/1), loose, moist, medium dense,
7 low plasticity
2 DP-1 60
10
Sand, SP
pale brown (10yr/8/2), loose, saturated, iron
7 stain
3 pP-2 60
15
End of Log
20—




Client: NAVFAC

Project: CTO-141 Site UXO-17
Location: MCB CamLej

Project Number: 406817.S1.MS

Boring Number: MR17-TW12

Sheet: 1 of 1

Driller: American Environmental
Drilling Method: Direct Push
Sampling Method: Acetate Sleeves
Logged by: Mark Ost/VBO
Start/Finish Date: 12/02/2010

Sample Information
g
= = [F] > = Soil Description Comments
Sl 2 2|2 © | 8
£ 2 | 2|3 : -
& E|ElSs| Es |3
o n oS 0 | a
0 Ground Surface
Silt, ML
gray (7.5yr/5/1), dry, loose
] 1 HA 60 dry, low plasticy from 2 to 4 ft bgs
i Sand, SP
white (7.5yr/8/1) dry, loose
5 Collected MR17-1S12-5-7-10D from
Silty Sand, SM 51to 7 ft bgs
| white (10yr/8/1)
B Water level encountered at 7 ft bgs
2 DP-1 60
10
saturated and loose from 10 to 15 ft bgs
3 pP-2 60
1
5 End of Log
20—




Boring Number: MR17-TW13 Sheet: 1 of 1

Driller: American Environmental

Client: NAVFAC Drilling Method: Direct Push
Project: CTO-141 Site UXO-17 Sampling Method: Acetate Sleeves
Location: MCB CamLej Logged by: Mark Ost/VBO
Project Number: 406817.S1.MS Start/Finish Date: 12/03/2010
Sample Information
g
= = [F] > = Soil Description Comments
Sl 2 2|2 © | 8
£ =¥ 2| 3 - |
g E|Eise| EL |3
o n oS 0 | a
0 Ground Surface
Silt, ML
} pinkish gray (5yr/6/2), dry, medium dense
i Ll
|1 pAT eo % Silty Clay, CL
74 white (7.5yr/8/1), dry, low plasticity
_ %
_
5 - Collected MR17-1S13-5-7-10D from
), Claeysit ML 5107 ft bgs
5/% white (7.5yr/8/1) saturated loose
‘ %
B % Water level encountered at 7 ft bgs
2 DP-1 60 %/
_ .
_ Zé
’ .
Silty Sand, SM
white (10yr/8/1), saturated, loose
3 pP-2 60
15 End of Log
20—




Client: NAVFAC
Project: CTO-141 Site UXO-17
Location: MCB CamLej

Boring Number: MR17-TW14 Sheet: 1 of 1

Driller: American Environmental
Drilling Method: Direct Push
Sampling Method: Acetate Sleeves
Logged by: Mark Ost/VBO

Project Number: 406817.S1.MS Start/Finish Date: 12/03/2010
Sample Information
g
= = [F] > = Soil Description Comments
Sl 2 2|2 © | 8
£ 2 | 2|3 - -
g E|Eise| EL |3
o n oS 0 | a
0 Ground Surface
Sand, SP
dark gray (10yr/4/1), dry, some organics
Silt, ML
very pale brown (10yr/7/3)
5
b Water level encountered at 6 ft bgs
b Sandy Silt, ML g?g%cﬁeggl\élR17-IS14-6-8-1 0D from
light gray (10yr/7/1) loose, Iron stain
Silty Clay, CL
10 brown yellow (10yr/6/8) saturated, plastic
Silty Sand, SM
1 yellow (10yr/7/8), saturated, loose
Sand, SP
1 gray (2.5yr/6/1), saturated, loose
15 End of Log
20—




Client: NAVFAC

Project: CTO-141 Site UXO-17
Location: MCB CamLej
Project Number: 406817.S1.MS

Boring Number: MR17-TW15

Sheet: 1 of 1

Driller: American Environmental
Drilling Method: Direct Push
Sampling Method: Acetate Sleeves
Logged by: Mark Ost/VBO

Start/Finish Date: 12/02/2010

Sample Information
g
= = |F|2 = Soil Description Comments
Sl 2 |2 © | 2
£ 2 | 2|3 : -
& E|ElSs| Es |3
o n oS 0 | a
0 Ground Surface
Sand, SP
pinkish gray (5yr/7/2), loose
b Collected MR17-1S15-1-3-10D from
1 to 3 ft bgs
1 HA-1 60
— Water level encountered at 3 ft bgs
5
Sand, SP
gray (2.5yr/6/1), saturated, loose
2 DP-1 60
i Silty Sand, SM
10 gray (2.5y/6/1), saturated, loose, low plasticity
Silty Clay, CL
| gray black (1/4/N), black moist, high plasticity
3 pP-2 60
15 Clay, CL
gray black (1/4/N), moist, high plasticity
| End of Log
20—




























PROJECT NUMBER

406817.S1.MS

WELL NUMBER
MR-17-TWO09

SHEET 1

OF

WELL COMPLETION DIAGRAM

PROJECT : MR17 UXO17 (CTO-141)

DRILLING CONTRACTOR : American Environmental
DRILLING METHOD AND EQUIPMENT USED : 4.25" Hollow Stem Auger
WATER LEVELS : 5' bgs

START : 12/1/2010 1050

LOCATION : MCB Camp Lejuene - MR 17

END : 12/01/2010 12 LOGGER : M.L. Ost

3b

1- Ground elevation at well

2- Top of casing elevation
a) vent hole?

3- Wellhead protection cover type

a) Bollards

b) concrete pad dimensions

IN
]

Dia./type of well casing

5- Typelslot size of screen

6- Type screen filter
a) Quantity used

7- Type of seal
a) Quantity used

8- Grout
a) Grout mix used
b) Method of placement
c) Vol. of well casing grout
Development method
Development time

Estimated purge volume

Comments

10.357

11.467

No

Stick-up

none

2' x 2' concrete pad

2" Sch 40 PVC

2" PVC Sch 40 0.010 slot

#1 silica pack

5 50# Bags

Bentonite 3/8" chips

1/3 Bag

No grout

NA

NA

Whale Pump

1 hour

45 gal.

Camp Lejuene UXO 17 wells.xls

XXXXXX.XX. XX



PROJECT NUMBER

406817.S1.MS

WELL NUMBER

MR-17-TW10

SHEET 1

OF

WELL COMPLETION DIAGRAM

PROJECT : MR17 UXO17 (CTO-141)
DRILLING CONTRACTOR : American Environmental
DRILLING METHOD AND EQUIPMENT USED : 4.25" Hollow Stem Auger

WATER LEVELS : 5'bgs START : 12/01/2010 1400

LOCATION : MCB Camp Lejuene - MR 17

END : 12/01/2010 15 LOGGER: M.L. Ost

1-

3b

2-

3-

5

Ground elevation at well

10.634

Top of casing elevation

11.747

a) vent hole?

No

Wellhead protection cover type

Stick-up

a) Bollards

none

b) concrete pad dimensions

2' x 2' concrete pad

Dia./type of well casing

2" Sch 40 PVC

Type/slot size of screen

2" PVC Sch 40 0.010 slot

Type screen filter

#1 silica pack

a) Quantity used

5.5 50# Bags

Type of seal

Bentonite 3/8" chips

a) Quantity used 1/3 Bag
Grout

a) Grout mix used None

b) Method of placement NA

c) Vol. of well casing grout

Development method Whale Pmp
Development time 1 hour
Estimated purge volume 40 gal.

Comments

Camp Lejuene UXO 17 wells.xls

XXXXXX.XX. XX



PROJECT NUMBER

406817.S1.MS

WELL NUMBER

MR-17-TW11

SHEET 1 OF

WELL COMPLETION DIAGRAM

WATER LEVELS : 6'bgs

PROJECT : MR17 UXO17 (CTO-141)

DRILLING CONTRACTOR : American Environmental
DRILLING METHOD AND EQUIPMENT USED : 4.25" Hollow Stem Auger
START : 12/02/2010 0855

LOCATION : MCB Camp Lejuene - MR 17

END : 12/02/2010 10 LOGGER : M.L. Ost

3b

L ]

1- Ground elevation at well

9.671

2- Top of casing elevation

10.497

a) vent hole?

3- Wellhead protection cover type

Stick-up

a) Bollards

Four bollards

b) concrete pad dimensions

3' x 3' concrete pad

IN
]

Dia./type of well casing

2" Sch 40 PVC

5

Type/slot size of screen

2" PVC Sch 40 10 slot

Type screen filter

#1 silica pack

a) Quantity used

Type of seal

Bentonite 3/8" chips

a) Quantity used

[ee]
d

Grout
a) Grout mix used

Portland Cement, Bentonite grout

b) Method of placement

Tremie Pipe

c) Vol. of well casing grout

Development method

Whale Pump

Development time

1 hour

Estimated purge volume

45 gal.

Comments

Camp Lejuene UXO 17 wells.xls

XXXXXX.XX. XX



PROJECT NUMBER

406817.S1.MS

WELL NUMBER
MR-17-TW12

SHEET 1

OF

WELL COMPLETION DIAGRAM

PROJECT : MR17 UXO17 (CTO-141)

DRILLING CONTRACTOR : American Environmental
DRILLING METHOD AND EQUIPMENT USED : 4.25" Hollow Stem Auger
WATER LEVELS : 7'bgs

START : 12/02/2010 1105

LOCATION : MCB Camp Lejuene - MR 17

END : 12/02/2010 11 LOGGER: M.L. Ost

3b

1- Ground elevation at well

2- Top of casing elevation
a) vent hole?

3- Wellhead protection cover type

a) Bollards

b) concrete pad dimensions

IN
]

Dia./type of well casing

5- Typelslot size of screen

6- Type screen filter
a) Quantity used

7- Type of seal
a) Quantity used

8- Grout
a) Grout mix used
b) Method of placement
c) Vol. of well casing grout
Development method
Development time

Estimated purge volume

Comments

10.375

11.299

None

Stick-up

None

2' x 2' concrete pad

2" Sch 40 PVC

2" PVC Sch 40 0.010 slot

#1 silica pack

5 50# bags

Bentonite 3/8" chips

1/2 bag

No grout used

NA

NA

Whale Pump

1 hour

40 gal.

Camp Lejuene UXO 17 wells.xls

XXXXXX.XX. XX



PROJECT NUMBER

406817.S1.MS

WELL NUMBER
MR-17-TW13

SHEET 1

OF

WELL COMPLETION DIAGRAM

PROJECT : MR17 UXO17 (CTO-141)

DRILLING CONTRACTOR : American Environmental
DRILLING METHOD AND EQUIPMENT USED : 4.25" Hollow Stem Auger
WATER LEVELS : 7'bgs

START : 12/03/2010 1046

LOCATION : MCB Camp Lejuene - MR 17

END : 12/03/2010 11 LOGGER : M.L.Ost

3b

1- Ground elevation at well

2- Top of casing elevation
a) vent hole?

3- Wellhead protection cover type

a) Bollards

b) concrete pad dimensions

IN
]

Dia./type of well casing

5- Typelslot size of screen

6- Type screen filter
a) Quantity used

7- Type of seal
a) Quantity used

8- Grout
a) Grout mix used
b) Method of placement
c) Vol. of well casing grout
Development method
Development time

Estimated purge volume

Comments

8.096

9.013

None

Stick-up

None

2' x 2' concrete pad

2" Sch 40 PVC

2" PVC Sch 40 0.010 slot

#1 silica pack

5 50# bags

Bentonite 3/8" chips

1 bag

None

NA

NA

Whale Pump

1.0 hours

32 gal.

Camp Lejuene UXO 17 wells.xls

XXXXXX.XX. XX



PROJECT NUMBER
406817.S1.MS

WELL NUMBER

MR-17-TW14

SHEET 1

OF

@ cHzmviHLL
-

WELL COMPLETION DIAGRAM

PROJECT : MR17 UXO17 (CTO-141) LOCATION : MCB Camp Lejuene - MR 17

DRILLING CONTRACTOR : American Environmental

DRILLING METHOD AND EQUIPMENT USED : 4.25" Hollow Stem Auger

WATER LEVELS : 7'bgs START : 12/03/2010 1046 END : 12/03/2010 11 LOGGER : M.L.Ost

33— 2
2a
1 1- Ground elevation at well 6.687
3a— \
2- Top of casing elevation 7.58
a) vent hole? None
3b
3- Wellhead protection cover type Stick-up
a) Bollards None

b) concrete pad dimensions

4- Dia./type of well casing

5- Type/slot size of screen

6

Type screen filter
a) Quantity used

Comments

2' x 2' concrete pad

2" Sch 40 PVC

2"PVC Sch 40 0.010 slot

#1 silica pack

5 50# bags

7- Type of seal Bentonite 3/8" chips

a) Quantity used 1 bag
L —5

8- Grout
a) Grout mix used None
b) Method of placement NA
c¢) Vol. of well casing grout NA

| 10 —— 6 Development method Whale Pump

Development time 1.0 hours
Estimated purge volume 27 gal.




PROJECT NUMBER

406817.S1.MS

WELL NUMBER
MR-17-TW15

SHEET 1

OF

WELL COMPLETION DIAGRAM

PROJECT : MR17 UXO17 (CTO-141)

DRILLING CONTRACTOR : American Environmental
DRILLING METHOD AND EQUIPMENT USED : 4.25" Hollow Stem Auger
WATER LEVELS : 3'bgs

START : 12/02/2010 1445

LOCATION : MCB Camp Lejuene - MR 17

END : 12/02/2010 16 LOGGER: M.L. Ost

3b

1- Ground elevation at well

2- Top of casing elevation
a) vent hole?

3- Wellhead protection cover type

a) Bollards

b) concrete pad dimensions

IN
]

Dia./type of well casing

5- Typelslot size of screen

6- Type screen filter
a) Quantity used

7- Type of seal
a) Quantity used

8- Grout
a) Grout mix used
b) Method of placement
c) Vol. of well casing grout
Development method
Development time

Estimated purge volume

Comments

5.407

6.550

None

Stick-up

None

2' x 2' concrete pad

2" Sch 40 PVC

2" PVC Sch 40 0.010 slot

#1 silica pack

5 50# bags

Bentonite 3/8" chips

1/3 bag

None

NA

NA

Whale Pump

1 hour

46 gal.

Camp Lejuene UXO 17 wells.xls

XXXXXX.XX. XX



PROJECT NUMBER

WELL NUMBER
MR17-TW16

418824.FI.SS

SHEET 1 OF 1

0 CH2Z2MHILL
-

WELL COMPLETION DIAGRAM

PROJECT : Camp Lejeune LOCATION : UXO-17
DRILLING CONTRACTOR : Probe Technologies
DRILLING METHOD AND EQUIPMENT USED : DPT Geoprobe 6620 DT
WATER LEVELS : NM START : 7/18/2011 END : 7/18/2011 LOGGER : Kristin Rogers
3 2
2a B
1 1- Ground elevation at well NM ft
3a—
2- Top of casing elevation NM ft
a) vent hole?
3b
3- Wellhead protection cover type Stickup
a) weep hole? no
b) concrete pad dimensions 2X2
4
4- Diameter/type of well casing 2-inch PVC
8
5- Type/slot size of screen 0.0100 Sch 40
PVC
| 16 ft |
6- Type screen filter gravel pack #2
a) Quantity used 5.5 - 50Ib bags
1ft
BI' 7- Type of seal benseal granular bentonite
a) Quantity used 1-50 Ib bags
8- Grout
7 a) Grout mix used Quikrete
4ft b) Method of placement pour
c) Vol. of well casing grout NM gallons
—~ 5 Development method Submersible pump
Development time 60 minutes
Estimated purge volume 75 gallons
10 ft
Lot ] 6
Comments None
I Sediment Sump
!<—>|
NOTE: Diagram is not to scale.
] G G
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PROJECT NUMBER

WELL NUMBER
MR17-TW17

418824.FI.SS

SHEET 1 OF 1

0 CH2Z2MHILL
-

WELL COMPLETION DIAGRAM

PROJECT : Camp Lejeune LOCATION : UXO-17
DRILLING CONTRACTOR : Probe Technologies
DRILLING METHOD AND EQUIPMENT USED : DPT Geoprobe 6620 DT
WATER LEVELS : NM START : 7/18/2011 END : 7/18/2011 LOGGER : Kristin Rogers
3 2
2a B
1 1- Ground elevation at well NM ft
3a—
2- Top of casing elevation NM ft
a) vent hole?
3b
3- Wellhead protection cover type Stickup
a) weep hole? no
b) concrete pad dimensions 2X2
4
4- Diameter/type of well casing 2-inch PVC
8
5- Type/slot size of screen 0.0100 Sch 40
PVC
| 16 ft |
6- Type screen filter gravel pack #2
a) Quantity used 4.5 - 50Ib bags
1ft
BI' 7- Type of seal benseal granular bentonite
a) Quantity used 1-50 Ib bags
8- Grout
7 a) Grout mix used Quikrete
4ft b) Method of placement pour
c) Vol. of well casing grout NM gallons
—~ 5 Development method Submersible pump
Development time 50 minutes
Estimated purge volume 50 gallons
10 ft
Lot ] 6
Comments None
I Sediment Sump
!<—>|
NOTE: Diagram is not to scale.
] G G
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0 CH2Z2MHILL
-

PROJECT NUMBER
418824.FI.SS

WELL NUMBER
MR17-TW18

SHEET 1 OF 1

WELL COMPLETION DIAGRAM

PROJECT : Camp Lejeune LOCATION : UXO-17
DRILLING CONTRACTOR : Probe Technologies
DRILLING METHOD AND EQUIPMENT USED : DPT Geoprobe 6620 DT
WATER LEVELS : NM START : 7/18/2011 END : 7/18/2011 LOGGER : Kristin Rogers
3 2
2a B
1 1- Ground elevation at well NM ft
3a—
2- Top of casing elevation NM ft
a) vent hole?
3b
3- Wellhead protection cover type Stickup
a) weep hole? no
b) concrete pad dimensions 2X2
4
4- Diameter/type of well casing 2-inch PVC
8
5- Type/slot size of screen 0.0100 Sch 40
PVC
| 17 ft |
6- Type screen filter Filpro sand #9917
a) Quantity used 5 - 50lb bags
1ft
DI' 7- Type of seal benseal granular bentonite
a) Quantity used 1.5 - 50 Ib bags
8- Grout
7 a) Grout mix used Quikrete
45ft b) Method of placement pour
c) Vol. of well casing grout NM gallons
— 5 Development method Submersible pump
Development time 1 hour 40 minutes
Estimated purge volume 65 gallons
10 ft
Lot ] 6
Comments Drillers will plae bentonite to ~1'bgs and use pad concrete to
grout since well is so shallow
I Sediment Sump
!<—>|
NOTE: Diagram is not to scale.
] G G



kcoke
Highlight






































0 CH2Z2IVIHILL

-

Client:
Location:
Event:
Date:

Weather:

Camp Lejeune

Project Number:

WELL DEVELOPMENT DATA SHEET

UXO-17

Well installation

7/18/2011

sunny and milld ~75°

Total Depth:

18.6 FT.(BTOC)

Well ID: MR17-TW17
Sample ID: NA

418824.FI.SS

Sample Team: Kristin Rogers/RDU

Measuring Device: YSI 556

Depth to water: () 10.75 FT.(BTOC) Date and Time: 7/18/2011 16:35
Water Column: 7.85 FT.
(x) 0.163  GALJFT. WELL DIAMETER
Well Volume: 1.28 GAL. [(2" DIA.=0.163 GAL/FT.) (4" DIA. = 0.653 GAL/FT.) ]
Total Purge Volume: ~50 GAL. (1" DIA.= 0.041 GAL/FT.) 1 1/4 " DIA.= 0.064 GAL/FT.)
Purge Device: Submersible
FIELD PARAMETERS
Time Cumulative Temp., Cond. pH Dissolved |ORP (mv) | Turbidity Color / Odor / Comments
Purge Vol. (gals) (°C) (uS/cm) Oxygen (NTU)
(ma/L)

1645 - - - - - - - Pump On

1700 15 - 0.525 6.25 - 40.5 >500

1705 20 22.01 0.503 6.32 - 31.3 >500

1715 30 21.89 0.496 6.34 7.6 52.9 35

1720 35 21.72 0.491 6.48 5.78 76.7 15

1735 50 - - - - - Clear
Sample information: method, container number, size, and type, preservative used.
N/A
Sample Time N/A
Sample Appearance N/A
Notes:
Field parameters were collected using a YSI water quality meter. Turbidity was collected with a Turbidimeter

Signed by: /W%@ Coeke onvenaiiof Kriatin Rogers 711812011

DATE






Appendix C
Civil Survey Reports













134 Cedar Point Boulevard

Cedar Point NC, 28584

Date: 11-15-2010

Reference: Expanded Site Investigation
Unexploded Ordnance Site (UXO)-17
Task Order 141
MCB Camp Lejeune, North Carolina

Datum: UTM ZONE 18 NORTH NAD 83 (NSRS 2007) METERS

Control Reference: North Carolina Geodetic Network

Jacksonville CORS
Castle Hayne CORS
Morehead City CORS

Decision Unit Survey

POINT ID NORTHING EASTING Description
2001 3841533.389 287441.310|MR17-DUO1
2002 3841516.679 287471.621|MR17-DUO1
2003 3841481.755 287447.771|MR17-DUO1
2004 3841500.358 287420.326|MR17-DUO1
2005 3841514.776 287497.747|MR17-DU02
2006 3841501.007 287516.757|MR17-DU02
2007 3841464.857 287490.574|MR17-DU02
2008 3841478.626 287471.565|MR17-DU02
2009 3841485.784 287511.422|MR17-DUO3
2010 3841507.94 287527.406|MR17-DUO3
2011 3841484.752 287559.548|MR17-DUO3
2012 3841462.596 287543.564|MR17-DUO3
2013 3841500.968 287593.621|MR17-DU04
2014 3841500.747 287611.904|MR17-DU04
2015 3841484.814 287611.904|MR17-DU04
2016 3841484.183 287593.621|MR17-DU04
2017 3841547.378 287571.102)|MR17-DU05
2018 3841559.425 287593.640|MR17-DUO5
2019 3841525.617 287614.236|MR17-DU05
2020 3841512.02 287592.219]|MR17-DUO5
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Seed L ocation Survey

POINT ID NORTHING EASTING Description

165 3841661.701 287487.591|1QC 2

282 3841486.644 287568.343|QC 1
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Date: 11-15-2010

Reference: Expanded Site Investigation
Unexploded Ordnance Site (UXO)-17
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MCB Camp Lejeune, North Carolina

Datum: UTM ZONE 18 NORTH NAD 83 (NSRS 2007) METERS
Control Reference: North Carolina Geodetic Network

Jacksonville CORS

Castle Hayne CORS

Morehead City CORS

Transect Survey

POINT ID NORTHING EASTING Description
3 3841553.618 287465.054|PT3 CONTROL
4 3841504.088 287604.705|PT 4 CONTROL
5 3841504.096 287604.683|PT 5 CONTROL
6 3841510.093 287589.915|PT 6 CONTROL
7 3841513.926 287579.577|PT 7 CONTROL
8 3841516.972 287569.006|PT 8 CONTROL
9 3841519.49 287560.785|PT 9 CONTROL
10 3841521.295 287556.697|PT 10 CONTROL
11 3841524.856 287547.023|PT 11 CONTROL
12 3841527.623 287539.601|PT 12 CONTROL
13 3841530.089 287531.690|PT 13 CONTROL
14 3841533.59 287521.744|PT 14 CONTROL
15 3841536.418 287513.592|PT 15 CONTROL
16 3841539.429 287501.438|PT 16 CONTROL
17 3841544.667 287494.300|PT 17 CONTROL
18 3841530.565 287476.700|PT 18 CONTROL
19 3841523.589 287469.775|PT 19 CONTROL
20 3841535.783 287437.903|PT 20 CONTROL
21 3841541.501 287406.812|PT 21 CONTROL
22 3841540.821 287402.838|PT 22 CONTROL
23 3841539.578 287388.876|PT 23 CONTROL
24 3841536.95 287375.939|PT 24 CONTROL
25 3841480.014 287604.510|STAKE
26 3841455.057 287604.333|STAKE
27 3841443.137 287604.170|STAKE




28 3841527.633 287605.757|STAKE
29 3841549.555 287605.378|STAKE
30 3841565.001 287606.674|STAKE
31 3841579.099 287609.351|STAKE
32 3841596.179 287608.139|STAKE
34 3841545.016 287374.811|STAKE
35 3841526.496 287377.061|STAKE
36 3841508 287380.537|STAKE
37 3841479.901 287389.869|STAKE
38 3841499.736 287389.501|STAKE
39 3841522.583 287388.480|STAKE
40 3841543.686 287389.296|STAKE
41 3841565.795 287390.631|STAKE
42 3841585.968 287389.442|STAKE
43 3841605.291 287399.675|STAKE
44 3841583.032 287399.317|STAKE
45 3841545.847 287404.359|STAKE
46 3841530.5 287402.730|STAKE
47 3841508.619 287403.522|STAKE
48 3841492.747 287403.934|STAKE
49 3841481.091 287404.390|STAKE
50 3841455.396 287399.728|STAKE
51 3841441.534 287411.534|STAKE
52 3841459.889 287414.676|STAKE
53 3841478.42 287414.244|STAKE
54 3841498.988 287412.015|STAKE
55 3841514.984 287410.305|STAKE
56 3841542.827 287410.156|STAKE
57 3841602.565 287409.961|STAKE
58 3841619.174 287409.461|STAKE
59 3841630.286 287419.980|STAKE
60 3841616.431 287417.760|STAKE
62 3841540.035 287418.768|STAKE
63 3841527.369 287418.036|STAKE
64 3841508.928 287417.176|STAKE
65 3841491.044 287418.764|STAKE
66 3841474.753 287419.946|STAKE
67 3841457.212 287420.871|STAKE
68 3841431.1 287417.298|STAKE
69 3841426.292 287426.830|STAKE
70 3841451.445 287428.932|STAKE
71 3841473.723 287427.881|STAKE
72 3841495.94 287427.703|STAKE
73 3841517.544 287428.715|STAKE
74 3841536.507 287428.456|STAKE
75 3841627.405 287427.603|STAKE
76 3841641.563 287424.281|STAKE
77 3841635.624 287439.056|STAKE
78 3841651.199 287437.833|STAKE
79 3841535.935 287438.691|STAKE
80 3841519.752 287439.048|STAKE
81 3841501.078 287439.407|STAKE




82 3841477.923 287437.844|STAKE
83 3841457.732 287436.440|STAKE
84 3841446.159 287436.226|STAKE
85 3841431.481 287436.819|STAKE
86 3841416.743 287438.289|STAKE
91 3841406.807 287448.849|STAKE
92 3841425.433 287448.936|STAKE
93 3841439.635 287448.957|STAKE
94 3841456.572 287450.397|STAKE
95 3841479.165 287448.885|STAKE
96 3841503.937 287448.786|STAKE
97 3841534.932 287448.802|STAKE
98 3841644.508 287447.971|STAKE
99 3841656.023 287448.280|STAKE
100 3841650.792 287459.755|STAKE
101 3841663.323 287461.294|STAKE
102 3841656.248 287468.882|STAKE
103 3841667.973 287471.695|STAKE
104 3841533.524 287458.729|STAKE
105 3841519.289 287458.842|STAKE
106 3841499.49 287464.716|STAKE
107 3841481.282 287462.595|STAKE
108 3841462.873 287457.595|STAKE
109 3841444.824 287456.513|STAKE
110 3841426.714 287463.810|PT 110 CONTROL
115 3841435.626 287454.250|STAKE
116 3841421.932 287456.401|STAKE
117 3841407.248 287453.072|STAKE
118 3841400.704 287458.794|STAKE
119 3841418.086 287462.535|STAKE
120 3841414.532 287470.443|STAKE
121 3841396.082 287465.973|STAKE
122 3841392.582 287474.439|STAKE
123 3841410.597 287478.339|STAKE
124 3841404.889 287487.657|STAKE
125 3841391.634 287482.272|STAKE
126 3841390.51 287491.238|STAKE
127 3841409.941 287503.366|STAKE
128 3841415.51 287490.954|STAKE
129 3841419.067 287483.517|STAKE
130 3841424.027 287474.993|STAKE
131 3841436.272 287467.776|STAKE
132 3841437.835 287477.806|STAKE
133 3841432.929 287485.368|STAKE
134 3841432.218 287493.559|STAKE
135 3841431.057 287505.920|STAKE
136 3841442.351 287509.495|STAKE
137 3841416.858 287519.860|STAKE
138 3841437.172 287517.687|STAKE
139 3841420.239 287528.844|STAKE
142 3841460.15 287472.394|STAKE
143 3841481.158 287476.914|STAKE




144 3841501.277 287482.324|STAKE
145 3841516.608 287487.318|STAKE
150 3841514.425 287475.229|STAKE
151 3841492.958 287471.168|STAKE
152 3841472.579 287467.376|STAKE
153 3841456.219 287464.975|STAKE
157 3841522.78 287498.485|STAKE
158 3841501.861 287492.475|STAKE
159 3841484.882 287489.483|STAKE
160 3841460.68 287482.016|STAKE
161 3841658.394 287479.020|STAKE
162 3841672.434 287481.428|STAKE
163 3841658.333 287486.937|STAKE
164 3841672.544 287490.021|STAKE
166 3841650.521 287499.154|STAKE
167 3841666.003 287506.413|STAKE
168 3841641.269 287511.392|STAKE
169 3841655.12 287516.167|STAKE
170 3841631.162 287520.479|STAKE
171 3841645.839 287531.774|STAKE
172 3841661.092 287539.555|STAKE
173 3841670.963 287559.057|STAKE
174 3841659.507 287555.529|STAKE
175 3841643.566 287549.090|STAKE
176 3841627.363 287534.451|STAKE
177 3841620.268 287527.624|STAKE
178 3841606.127 287539.282|STAKE
179 3841621.394 287549.624|STAKE
180 3841640.959 287557.515|STAKE
183 3841665.116 287564.370|STAKE
184 3841666.123 287569.773|STAKE
185 3841648.653 287566.268|STAKE
186 3841629.715 287562.020|STAKE
187 3841608.474 287555.366|STAKE
188 3841599.633 287551.853|STAKE
189 3841592.692 287558.582| STAKE
190 3841603.638 287560.653|STAKE
192 3841526.713 287509.137|STAKE
193 3841509.41 287506.076|STAKE
194 3841490.736 287501.690|STAKE
195 3841476.701 287496.374|STAKE
196 3841454.231 287491.293|STAKE
200 3841525.83 287519.943|STAKE
201 3841509.874 287515.518|STAKE
202 3841483.975 287510.556|STAKE
205 3841523.897 287530.162|STAKE
206 3841512.073 287527.273|STAKE
207 3841506.513 287525.486|STAKE
208 3841493.458 287522.692|STAKE
209 3841478.788 287518.664|STAKE
210 3841535.641 287530.943|STAKE
213 3841547.048 287541.965|STAKE




214 3841536.618 287540.970|STAKE
215 3841519.644 287538.366|STAKE
216 3841509.831 287535.357|STAKE
217 3841500.851 287532.841|STAKE
218 3841485.628 287530.143|STAKE
219 3841474.835 287528.652|STAKE
223 3841544.21 287551.625|STAKE
224 3841528.999 287548.421|STAKE
225 3841515.385 287548.329|STAKE
226 3841504.864 287545.986|STAKE
227 3841495.739 287544.942|STAKE
228 3841479.037 287543.080|STAKE
229 3841465.94 287540.349|STAKE
230 3841451.809 287540.049|STAKE
231 3841434.757 287538.932|STAKE
232 3841421.65 287537.334|STAKE
233 3841443.919 287529.088|STAKE
234 3841464.784 287534.028|STAKE
237 3841571.946 287559.742|STAKE
238 3841551.515 287557.554|STAKE
239 3841536.093 287556.746|STAKE
240 3841515.345 287558.877|STAKE
241 3841503.947 287554.775|STAKE
242 3841486.135 287553.309|STAKE
243 3841471.825 287550.663|STAKE
244 3841456.262 287550.293|STAKE
245 3841441.592 287548.212|STAKE
246 3841424.202 287545.761|STAKE
248 3841515.328 287558.871|STAKE
249 3841486.141 287553.359|STAKE
250 3841471.819 287550.660|STAKE
251 3841456.252 287550.318|STAKE
252 3841424177 287545.798|STAKE
256 3841525.858 287560.848|STAKE
257 3841541.926 287561.456|STAKE
258 3841556.511 287563.103|STAKE
259 3841571.948 287564.202|STAKE
260 3841586.623 287566.505|STAKE
261 3841605.641 287567.801|STAKE
262 3841621.704 287568.961|STAKE
263 3841638.202 287571.806|STAKE
264 3841654.647 287573.384|STAKE
265 3841673.475 287574.693|STAKE
266 3841513.784 287561.430|STAKE
267 3841500.303 287559.223|STAKE
268 3841486.3 287559.250|STAKE
269 3841470.27 287558.084|STAKE
272 3841527.121 287569.807|STAKE
273 3841543.258 287570.981|STAKE
274 3841564.644 287572.790|STAKE
275 3841583.529 287576.299|STAKE
276 3841603.273 287580.359|STAKE




277 3841622.838 287580.093|STAKE
278 3841635.593 287581.825|STAKE
279 3841511.997 287569.495|STAKE
280 3841492.822 287568.985|STAKE
281 3841483.717 287568.259|STAKE
283 3841467.402 287566.030|STAKE
284 3841451.869 287565.243|STAKE
285 3841430.569 287564.292|STAKE
289 3841525.619 287579.947|STAKE
290 3841552.616 287581.551|STAKE
291 3841574.553 287584.395|STAKE
292 3841592.909 287585.700|STAKE
293 3841615.95 287587.625|STAKE
294 3841631.528 287590.141|STAKE
296 3841504.777 287579.382|STAKE
297 3841493.046 287578.300|STAKE
298 3841478.69 287577.623|STAKE
299 3841466.194 287576.540|STAKE
300 3841444.749 287574.197|STAKE
301 3841434.358 287573.675|STAKE
305 3841517.789 287590.129|STAKE
306 3841537.025 287592.100|STAKE
307 3841557.869 287592.334|STAKE
308 3841576.672 287593.549|STAKE
309 3841594.352 287595.364|STAKE
310 3841611.498 287597.732|PT 310 CONTROL
311 3841611.313 287597.685|STAKE
312 3841628.017 287598.673|STAKE
313 3841500.135 287589.921|STAKE
314 3841487.123 287587.770|STAKE
315 3841471.268 287585.405|STAKE
316 3841456.352 287582.777|STAKE
317 3841436.289 287582.442|STAKE
321 3841479.662 287598.789|STAKE
322 3841499.101 287598.827|STAKE
323 3841516.459 287598.744|STAKE
324 3841533.031 287598.789|STAKE
325 3841543.448 287598.824|STAKE
326 3841505.323 287604.774|STAKE
327 3841445.358 287609.884|STAKE
328 3841460.629 287612.201|STAKE
329 3841476.709 287613.005|STAKE
330 3841497.329 287613.230|STAKE
331 3841517.595 287613.551|STAKE
332 3841539.122 287615.268|STAKE
333 3841558.971 287627.833|STAKE
334 3841538.112 287627.204|STAKE
335 3841521.096 287625.572|STAKE
336 3841501.67 287621.605|STAKE
337 3841485.063 287622.854|STAKE
338 3841467.585 287622.068|STAKE
339 3841448.542 287621.685|STAKE




340 3841451.541 287630.497|STAKE
341 3841469.881 287629.017|STAKE
342 3841484.901 287630.170|STAKE
343 3841499.655 287630.397|STAKE
344 3841503.911 287640.081|STAKE
345 3841485.867 287640.095|STAKE
346 3841469.403 287640.591|STAKE
347 3841454.113 287642.105|STAKE
348 3841471.205 287649.088|STAKE
349 3841487.306 287647.798|STAKE
350 3841502.92 287647.887|STAKE
351 3841503.545 287658.691|STAKE
352 3841483.557 287660.004|STAKE
353 3841502.412 287666.912|STAKE
354 3841502.17 287667.216|PT 354 CONTROL
355 3841564.692 287637.702|PT 355 CONTROL
356 3841563.582 287637.483|STAKE
357 3841550.679 287635.677|STAKE
358 3841534.585 287635.024|STAKE
359 3841544.697 287651.494|STAKE
360 3841556.775 287651.015|STAKE
361 3841570.032 287647.670|STAKE
362 3841585.443 287659.298|STAKE
363 3841566.866 287659.930|STAKE
364 3841549.364 287660.876|STAKE
365 3841588.124 287669.279|PT 365 CONTROL
369 3841660.525 287583.299|STAKE
370 3841646.248 287589.302|STAKE
371 3841651.868 287592.696|STAKE
372 3841660.863 287593.321|STAKE
373 3841650.142 287599.908|STAKE
374 3841619.606 287606.800|STAKE
375 3841629.422 287611.064|STAKE
376 3841595.595 287617.644|PT 376 CONTROL
379 3841556.061 287617.893|STAKE
380 3841573.972 287620.215|STAKE
381 3841590.75 287618.628|STAKE
382 3841600.884 287617.486|STAKE
383 3841607.371 287620.452|STAKE
384 3841629.65 287622.372|STAKE
385 3841575.282 287629.112|STAKE
386 3841578.967 287634.546|STAKE
387 3841586.188 287629.420|STAKE
388 3841599.842 287626.750|STAKE
389 3841615.621 287631.461|STAKE
390 3841630.926 287630.656|STAKE
393 3841583.755 287635.630|STAKE
394 3841600.28 287638.363|STAKE
395 3841618.586 287642.278|STAKE
396 3841598.17 287647.715|STAKE
397 3841586.642 287647.311|STAKE
399 3841560.39 287672.837|STAKE




400 3841540.063 287675.202|STAKE
401 3841523.66 287671.805|STAKE
404 3841480.398 287431.880|PT 404 CONTROL
406 3841464.662 287466.269|STAKE
407 3841455.139 287471.962|STAKE
408 3841450.47 287480.989|STAKE
409 3841446.109 287488.422|STAKE
410 3841443.316 287495.121|STAKE
414 3841446.648 287555.964|STAKE
415 3841428.414 287553.619|STAKE
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1

INTRODUCTION

NAEVA Geophysics, Inc. was contracted by CH2M HILL to conduct digital geophysical
mapping (DGM) of the former Firing Position 2 at Marine Corps Base (MCB) Camp
Lejeune, North Carolina. The site is located east of Piney Green Road and north of the
current base landfill and the area of investigation consists of a four acre tract encompassing

Firing Position 2. Field operations were conducted from September 23rd to Sept. 28", 2008.

The objective of the investigation was to locate Munitions and Explosives of Concern (MEC)
within the former Firing Position 2 area resulting from historic use of the site as a firing point
for 10omm and 155mm Howitzer projectiles. Prior to the commencement of mapping, a
Geophysical Prove-Out (GPO) was completed for the purpose of establishing an appropriate
anomaly targeting threshold and to demonstrate the effectiveness of the geophysical
operations.

METHODS

A Geonics EM61-MK2A in wheel mode using fiducial markers for positioning was used to
map the majority of the area. A smaller portion of the site was mapped using an EM61-
MK2A combined with a Trimble R8 Real Time Kinematic (RTK) GPS base station and a

Trimble R7 receiver radio.

Data were referenced during collection with file names containing the grid name of the
southwest corner of the designated grid block. To ensure efficient collection and full
coverage, tape measures were placed along each side of a grid setup and ropes with marks
painted every 0.75 m were stretched across the grid at intervals of 10 meters. A 50 meter
Universal Transverse Mercator (UTM) grid system was pre-established and used for QC
checks of the RTK GPS. In areas of the site where numerous trees and thick vegetation
obstructed the RTK GPS, measuring tapes and ropes were pulled from grid corners and
measurements were triggered by an odometer wheel, with fiducial markers placed at known

intervals along each line. The geophysical data were collected along E-W oriented lines.
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All daily logs, field notes, and GPS QC points were input digitally into a HP IPAQ PDA
using Microsoft Excel software. Survey Area Reports were completed on a paper form and
later scanned in .jpeg format. At the end of each day, the forms were uploaded for use in
preprocessing the geophysical data.

2.1 Geonics EM61-MK2A Background

The EM61-MKZ2A is a time-domain electromagnetic instrument designed to detect, with high
spatial resolution, shallow ferrous and non-ferrous metallic objects. The applicability of the
instrument for MEC detection has been widely demonstrated in UXO technology
demonstrations at the U.S. Army Aberdeen Proving Grounds. Scoring reports for the EM61-
MK2 employed various environments can be found at the U.S. Army Environmental
Command UXxo Technology Demonstration Program website at
http://aec.army.mil/usaec/technology/uxo01f.html. The instrument consists of two air-cored
coils (1 m x 0.5 m), batteries, processing electronics, and a digital data recorder. The larger
of the two coils functions as the EM transmitter and receiver and is positioned below a
second receiver coil. Secondary currents induced in both coils are measured in millivolts
(mV). For this survey, the EM61-MK2A was set up to collect data from 4 time gates
(channels) from the bottom coil.

The EM61-MK2A was operated in wheel mode with the bottom coil 40 cm above the ground
surface. The EM61-MK2A data were recorded with an Allegro CX data logger and Geonics
NAV61MK2 acquisition software, set to record data at a rate of 10 Hz. When not using
RTK, a reading was triggered by the odometer wheel every 20 cm.

2.2 Trimble R8 Real Time Kinematic Global Positioning System

Trimble’s R8 RTK GPS is a 74-channel dual frequency RTK receiver that uses both L1 and
L2 satellites. This system operates with a Trimble R8 base station and a Trimble R7 rover
unit; the base sends corrections to the rover via radio link, thus maintaining a 3cm horizontal
accuracy and a 5cm vertical accuracy. For integration with the EM61-MK2A, the rover is set
to output a GGA NMEA string at 1 Hz, which is captured real time by the NAV61MK2
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program and temporarily stored in the Allegro CX.

3 GEOPHYSICAL PROVE-OUT (GPO)

The purpose of surveying a GPO is to demonstrate the effectiveness of all instrumentation,
methods, and personnel prior to the initiation of fieldwork. Serial number identification was
recorded for all instrumentation (i.e. data logger, coils, EM61-MK2A electronics), and the
GPO was mapped using the same personnel, equipment, and methodologies employed for the
DGM survey.

The GPO was located at the north end of the base near Knox Park. The dimensions were 40
feet by 200 feet. Though the UTM coordinate system in meters was used at the former Firing
Position 2 site, the GPO was originally established in survey feet and it was mapped using
the US State Plane coordinate system. A survey line spacing of 2.5 ft was used, the same as
for the mapping of the former Firing Position 2 site. This spacing results in coil overlap on
successive lines, reducing the likelihood of data gaps and improving the chance of detecting
small MEC items. The GPO had been seeded for previous work at MCB Camp Lejeune, so a
background survey was not performed. The GPO was mapped twice, once using GPS

positioning and once by odometer with fiducial markers placed every 25 feet.

Processed data from Channel 2 were presented and selected for use in processing the data
from the Firing Position 2 area. Color contour maps of EM61-MK2A Channel 2 data from
both the RTK and fiducial survey of the GPO with a targeting threshold of 3 mV are included
in Appendix A. All GPO data can be found in the GPO folder on the included CD-ROM.

The site history of having been used as a Howitzer Firing Position, which used 105mm and
155mm projectiles, led to a target threshold of 3 mV in Channel 3 being selected in
concurrence with the CH2M HILL Project Geophysicist for the site DGM.
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4 FIELD DATA ACQUISITION

The mapped area of the former Firing Position 2 (the “site”) is approximately 4 acres.
Approximately 20% of the site was open but the rest was sparsely to thickly covered with
trees (see Figure 1). A steep berm ran through the middle of the site on a SW to NE direction
(see Figure 2). Near the center of the site was a raised mound with a deep trench on the NE
side of the mound. The site was grubbed of vegetation and small trees prior to mapping, and
the topography ranged from flat in the open areas to steep on the berms and an isolated
trench. One section on the eastern side of the site was strung with concertina wire (see Figure
3), which prevented DGM operations.

Data gaps are defined in the project Data Quality Objectives (DQOs) as any down-line gap
larger than 2 feet, or when less than 98% of possible readings are collected along a line.
Additionally, line spacing variance greater than 20% of the specified spacing constitutes a
gap. Gaps in the data appear around either obstructions, such as trees, or around topographic
features like mounds, trenches, and cultural features. In grid block F5D6D1 uneven terrain
contributed to antennae tilting which resulted in some data gaps higher than the DQQO’s
specifications. These terrain induced gaps are addressed in the Root Cause Analysis (see
Appendix B).

Major cultural and topographic features were documented using field notes and are noted on

the grid maps.

5 QUALITY CONTROL DATA

To establish confidence in the data reliability, Quality Control (QC) tests were conducted
throughout the project. Tests were conducted prior to, during, and after all data collection
sessions but the DGM field team neglected to conduct midday QC test for the initial two days
of field activities. An examination of the morning and afternoon QC tests showed instrument
data quality objectives were met on those days despite not having performed the midday QC
tests. After this omission was pointed out QC test were completed before and after all
datasets. All QC tests for the EM61-MK2A were conducted after a minimum 15 minute
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warm-up period for the electronics. Sample graphical displays of such QC data are included
in Appendix C. All quality control data are included on the enclosed CD-ROM in Appendix
D.

5.1 QC Test Descriptions and Acceptance Criteria

1. GPS Check: Prior to data collection, the GPS antennae was mounted on top of a
pole and placed over a grid stake of known coordinates. The reported position was
compared to the actual location to check proper resection results. Positions within 10
cm were accepted.

2. Personnel Test: A personnel test was conducted each day with the coil in a

stationary position. The test included briefly logging background response and then
logging the response while one team member operated the equipment and the other
walked in the vicinity of the coil. The purpose was to demonstrate that clothing or
objects carried by personnel had no effect on instrument response.

3. Cable Shake Test: Prior to beginning data collection, data were recorded with

the coil held in a stationary position and the cables and connections were tested for
possible shorts by shaking them. The operator monitored the response for any spikes
during the process.

4. Static Background / Spike Test: A location identified as having minimal

response was designated as a calibration point. Readings were collected in a
stationary position to ensure a stable response. Data were collected for a period of
one minute with no object placed on the coil. After this, a section of metal pipe was
placed on the ground and the instrument response was observed. Data were recorded
for one minute with the pipe in place. The pipe was then removed, and static readings
continued for an additional minute. This test was performed at the beginning and end
of the day, as well as between data sets (excluding the first two days of DGM, as
mentioned in Section 5) to establish that the instrument was functioning properly, as
indicated by a stable and repeatable response with no spikes or other anomalous
activity. A repeatable response within + 20% after background correction was

acceptable.
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5. Latency Test:  Following the each static test, the same section of pipe used in the
static test was placed on the ground and data were collected as the instrument was
moved back and forth along a line over the object. The proper latency and lag
between the peak response of the instrument and the reported item location was then
determined. When responses generated by an object merge as a single anomaly, the
correct latency has been applied.

6. Six-Line Test:  On the first day of data collection, a six-line test was conducted

along a 30-foot line near the GPO. Line 0 was collected heading north with no test
object, Line 1 to the south (along the same line) with no test object. Lines 2 and 3
followed the same pattern, though with a section of pipe placed at the midpoint. With
the test object still in place, line 4 was collected to the north at a faster than normal
pace, and Line 5 was collected to the south at a slower than normal pace. Acceptable
criteria were peak response amplitude £ 20% and positional accuracy to + 20 cm.

7. Repeat Data: Upon completion of the original collection of a data set,
approximately 2% of the dataset was re-collected as a check of instrument
repeatability and positioning. Since small deviations in line path can greatly affect
instrument response, repeat lines were evaluated qualitatively rather than

quantitatively.

52 QC Test Results

QC data were evaluated using Geosoft’s QA/QC software. Static, spike, cable shake, and
personnel test profiles were plotted with an acceptance criterion of £ 2 mV from the mean.
Any readings outside this range were flagged on the profiles and an associated failure

percentage was reported.

GPS Check: All daily checks of GPS positioning accuracy were within 10 cm.

Personnel Test: No deviation from background response was observed.

Cable Shake Test: No spikes were observed in any of the tests.

A w p e

Static Background / Spike Test: Static and spike tests were within acceptance

criteria; stable, repeatable, and without spikes.
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5. Latency Test:  Latency tests were plotted showing the line path and response
amplitude and were within tolerance.

6. Six-Line Test: Latency corrected profiles were plotted to evaluate the effect of

movement speed on response repeatability and positioning accuracy. Both amplitude
and positioning were within tolerance.

7. Repeat Data: Repeat lines generally showed good repeatability upon visual
inspection, though due to the difficulty of walking identical line paths, some lines
deviated slightly in response and positioning.

6 DATA PROCESSING

The geophysical data were stored in an Allegro CX data logger and then downloaded into a
laptop computer for review and editing. Using Geomar’s TrackMaker software, .xyz files
were created incorporating the GPS positional information. When data were collected using
the fiducial method, Geonics’ DAT61MK?2 software was used to position the data using line
numbers and station increments. Once in-field review was completed, the data were
transferred to NAEVA’s Charlottesville, Virginia office for preprocessing, analysis/target
selection, and final map production. Geosoft’s Oasis Montaj software package was employed
to process and contour the raw data, and to identify and characterize potential MEC targets

by isolating peak amplitude responses.

6.1 Preprocessing

Converted raw data files were imported into Geosoft’s Oasis Montaj to perform the

following:

e Conversion of local coordinates (if collected without GPS) to projected UTM
coordinates

e Evaluation of data density

e Application of auto leveling and instrument drift corrections

e Application of default lag correction

e Generation of preliminary contour map(s) from gridded data

e Generation of formatted ASCII files containing preprocessed data by grid
block

Geophysical Investigation Report -7-

Former Firing Position 2 MCB Camp Lejeune, NC



6.2 Final Processing

After completion of preprocessing, the data were further evaluated and processed to generate
final processed data files. Final processing steps included:

e Evaluation and refinement of auto leveling and instrument drift corrections

e Evaluation and refinement of lag correction

e Additional digital filtering and enhancement, as necessary

e Targeting of data, as described below

e Splitting datasets into grid blocks and individual 50 m x 50 m grid files

e Generation of formatted ASCII files containing processed data by grid block

e Generation of final maps for each grid showing contoured, gridded data and
target locations.

e Generation of .xIs target lists and .ply files containing points for SRA
boundaries.

6.3 Analysis and Target Selection

The UX-Detect module within Oasis Montaj identifies peak amplitude responses associated
with, but not limited to, MEC items. Single-source anomalies may generate multiple target
designations depending on shape and orientation. Initial target selections were made based
on the gridded data. Data profiles corresponding to the anomalies selected by Geosoft were
then analyzed by trained geophysicists, with the targets evaluated as to their validity and
position. Targets found to be invalid or incorrectly located were removed or adjusted.
Additionally, anomalies that were not selected by the UX-Detect module, yet deemed to
represent a potential MEC target, were manually selected. All target selection was
performed on final processed data from Channel 3 of the bottom coil of the EM61-MK2A.

Final processed XYZ (ASCII) files were created by grid block, and individual geophysical
maps and target lists were created for 50 m x 50 m grids, denoted by the SW corner of each
grid. All anomalies that occurred at or above the targeting threshold of 3 mV were identified
using a unique 1D number. Each target list provides a Target ID, Grid Cell ID, Easting (x)
and Northing (y) UTM (NAD83, Zone 18N, meters) Grid Plane coordinate location for each
target, the recorded peak response in millivolts, and comments. The target IDs were
prioritized by designating the highest amplitude response as the number one target in each

grid.
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Data delivery reports are included on the CD, with information on all steps of the survey
from raw to processed data including field survey forms, processing methods, and processor

comments.

7 RESULTS

Within the total surveyed area, targets were selected at a threshold of 3 mV in Channel 3,
which resulted in a total number of 1310 targets. See Plate 1 for the color contour mosaic of
the entire site, showing the grid system, anomaly distribution, and major topographic and

cultural features.

Saturated response areas (SRA’s) were polygoned and there are a total of 21 SRA’s at the
site. These SRA’s are noted at the end of the target lists with first point and a reference to the

.ply file containing all polygon points for the SRA.

The berm and mound areas contain the highest concentration of anomalies, especially in
grids F5D6E2, F5D6F2, F5D6G2 and F5D6G3, which had three SRA’s in each grid. Some
anomalies are large in both response amplitude and size, indicating large pieces of metal
close to the surface. Reinforced concrete and metal debris were observed on the surface in
these areas, which may indicate the presence of similar construction-related debris in the
subsurface. As former Firing Position 2 was a firing point rather than an impact area, these
anomalies could also represent larger munitions debris, such as projectile casings, that might
be expected at such a site. In open areas away from the berms in grids FSD6E2 and FSD6F2

(see maps for approximate line) there are comparatively few anomalies.

Grids F5D6G1 and F5D6G2 also contain high concentrations of anomalies in open areas far
away from any berms and mounds. While some metal debris was observed on the surface

there is not a noticeable concentration of metal near these locations.
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Since there were no power lines or other utilities near the site cultural noise levels were quite
low, allowing confident selection of low amplitude anomalies. Any suspected noise
anomalies likely originated from stumps of trees striking the EM61-MK2A coil, which can
create spikes in the data. However, these readings are often out of phase, and during the

processing stage can be identified as not originating from metal in the ground.
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